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ABSTRACT
Analysis and Evaluation of Field Retroreflectivity Performance of Pavement 
Marking Materials at Various Test Deck Locations in the US
by
Siddharth David
Dr. Mohamed Kaseko, Examination Committee Chair 
Professor of Civil and Environmental Engineering 
University of Nevada, Las Vegas
Pavement markings are one of the most important elements of traffic control on 
roadways. They are lines used on a roadway to warn and direct drivers and to control 
traffic operations on highways and streets. Pavement markings are typically white and 
yellow in color depending on usage. Different types of materials are used in the 
manufacture of pavement markings, including paint, tape, epoxy, thermoplastic, and 
preformed thermoplastics. Performance measures used to evaluate pavement markings 
include retroreflectivity, color, and durability.
In the US, the National Transportation Product Evaluation Program (NTPEP), 
administered by the American Association of State Highway and Transportation Officials 
(AASHTO), has test decks for field evaluation of various pavement marking products 
across the nation. On these test decks, pavement marking products from different vendors 
and of different materials are installed and field performance is monitored over a period 
of time. NTPEP has such test decks in various geographical locations within the United
111
States, including Utah, Pennsylvania, Wisconsin, and Tennessee. These test decks 
have pavement marking samples of both yellow and white color placed on concrete and 
asphalt pavement surfaces. Data collected on the NTPEP test decks include field data 
pertaining to retroreflectivity, durability and color over time.
The objective of this study is to evaluate performance of pavement markings as a 
function of parameters such as material type, weather, type of surface and traffic volume 
pertaining on a particular highway or street. Statistical analysis of the NTPEP data is 
carried out to evaluate and explore correlations between product performance and the 
parameters mentioned above.
The findings of this research would enhance the ability to predict performance of 
pavement markings based on the above parameters and the location installed. This in turn 
can help agencies to have more objective criteria for selection of pavement marking 
materials or products for use in their local environment.
The results showed that the initial value is a critical parameter in predicting the 
retroreflectivity performance of the products. Generally white products have higher initial 
retroreflectivity than the yellow. The results also showed that a product with lower initial 
retroreflectivity has a better performance in terms of percentage retained retroreflectivity 
than those products with higher initial retroreflectivity. With the increase in the initial 
value and AADT/Lane the value of retroreflectivity deterioration increases on the asphalt 
and cement concrete surface and the results show that the white paints, thermoplastics 
and tapes are affected more on the asphalt surface than on the cement concrete surface.
IV
With AADT/lane as a variable, the results showed that areas of the marking that are 
subject to contact with vehicle tires are more affected than the corresponding areas not 
subjected to tire contact for almost all material types. Taking the combination of summer 
high and winter low temperatures as variables to study its effect on the performance of 
pavement marking products on both asphalt and cement concrete surface it is found that 
the winter low temperatures has no statistical significance on the rate of deterioration of 
the products. The summer high temperatures has a greater effect on the rate of 
deterioration for different products on the asphalt surface than on cement surface.
The results further show that the paint products perform better on concrete surface 
than on asphalt suriace. However, it must be noted that the maximum AADT/Lane for the 
test decks studied for this research is 5400.
V
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CHAPTER 1 
INTRODUCTION
Pavement markings are one of the most of essential elements of highway traffic 
control for the safe operation of roadways. They not only help in lateral positioning of 
vehicles but also direct the driver through various situations they encounter and also 
indicate where passing is allowed and warn drivers of imminent conditions. The field 
retroreflectivity measurements are taken using the LTL-2000. This instrument simulates 
the retroreflectivity on to an approaching vehicle with headlights at 30 meters from the 
markings. The value measured is called the coefficient of retroreflective luminance (Rl), 
and is measured in SI units mcd/m^/lux (Vinod Vasudevan et al. 2006). At times 
pavement markings are the only way of guidance along the roadway; however the 
retroreflectivity levels have none to small effect on the safety performance of those 
roadways maintained to a reasonable level of pavement marking (Mauriee Masliah, et al. 
2006).
There are many different types and classes of pavement marking products. Their 
characteristics vary widely, depending upon type of product, pavement surface 
application, and other considerable factors. Pavement marking products come in different
types of materials such as Waterborne Paint, Thermoplastic, Preformed Thermoplastic, 
and Durable Tapes. The deterioration of the pavement markings is dependent on various 
factors such as temperature conditions in the region in which they are installed, the traffic 
conditions on the road they are laid, the surface on which they are installed (asphalt or 
cement concrete) and the precipitation occurring in the region. It is hypothesized that the 
various variables mentioned are prime factors affecting the deterioration of pavement 
markings. Regions having high precipitation either in the form of rainfall or snowfall; the 
performance of the pavement marking in terms of their retroreflectivity is badly affected. 
While removing the snow, the material tends to worn off the pavement surface. Due to 
winter maintenance activities that shear off the glass beads or de-bond portions of the 
durable material, the markings performed less than desired, (Lynde McGregor 2006) this 
causes loss of material and hence its retroreflectivity performance. The longitudinal 
pavement markings lose their service life due to loss of beads, which in turn results in 
loss of retroreflectivity. The loss of beads may be associated with traffic conditions and 
weather conditions. The markings may also deteriorate in performance as a result of loss 
of the base material caused due to chipping and abrasion. The retroreflectivity readings 
are categorized in two values, namely the “tire” and the “skip”. Tire regions as described 
earlier are those where the tires of the vehicles tend to pass through and skip regions are 
those which fall in between the lanes. The retroreflectivity values obtained from the 
former and the latter are termed as the “Tire” values and “Skip” values respectively.
The main purpose of this research is to evaluate the field retroreflectivity performance 
of pavement markings as a function of several parameters such as the initial value of the 
retroreflectivity, the Average Annual Daily Traffic (AADT), the average maximum and 
minimum temperatures during different seasons and the average annual precipitation. The 
objective is to develop a mathematical relationship that predicts the retroreflectivity 
performance of a pavement marking material as a function of the variables mentioned 
above. Figure 1 shows a typical example of pavement marking products laid on a test 
deck.
SKIP KEGIOrC
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Figure 1 Typical Layout of Pavement Marking Test Deck
The emphasis of this research is to analyze the field retroreflectivity performance of 
the pavement marking products at test decks from four different geographical locations as 
mentioned earlier. Wisconsin which has a ten month data as compared to other test decks 
having twelve month data, therefore ten month data is analyzed for the reason of 
uniformity. The first stage of regression analysis is performed for each product to
determine the rate of deterioration of the retroreflectivity. The rate obtained for each of 
these products are then regressed with respect to various variables such as initial 
retroreflectivity value of the product, the traffic conditions, extreme summer and winter 
temperatures and total annual precipitation.
CHAPTER 2 
TEST DECKS
Data from four different test decks, namely Wisconsin, Pennsylvania, Mississippi and 
Utah were used for the analysis. These four different test decks are located at different 
geographical locations within the United States and have different climatic conditions. 
Wisconsin and Pennsylvania are cold and humid states; Utah has cold and dry type of 
climate whereas Mississippi has hot and humid type of climate. The data required for 
performing the analysis was extracted from NTPEP data mine for pavement marking 
materials. The website has data from June 2002 to June 2004 for Mississippi test deck, 
from August 2000 to July 2002 for Pennsylvania test deck, from July 2001 to July 2003 
for Utah test deck and from July 2004 to May 2005 for Wisconsin test deck for the 
retroreflectivity, durability and color as the parameters.
The Wisconsin test deck is located on interstate 1-90 near Sparta, WI. The freeway 
has four lanes (two lanes each way) and average daily traffic per lane is 5400 vehicles. 
There are in all fourteen waterborne paint products, two thermoplastic products, two 
preformed thermoplastic products and eleven durable tape products installed on the 
Wisconsin test deck.
The Pennsylvania test deck is located on 1-80, 20 miles west of New Columbia, PA. 
The freeway has four lanes (two lanes each way) and the average daily traffic of 13,500 
vehicles. The Pennsylvania test deck has sixty-one waterborne paint products, forty eight 
thermoplastics products, fourteen preformed thermoplastic products and seven durable 
tape products.
The Utah test deck is located on 1-84 near Morgan, UT. There are two lanes on the 
freeway and the average daily traffic is 10000 vehicles. There are two products of 
waterborne paint, twenty one products of thermoplastic material, eighteen products of 
preformed thermoplastic and eleven products of durable tapes installed on the test deck.
The Mississippi test deck is located on 1-20 near Toomsuba, MS. It has four lanes and 
the average daily traffic is 4500 vehicles per lane. Mississippi test deck has thirteen 
samples of waterborne paint, twenty seven samples of thermoplastic, ten samples of 
preformed thermoplastic and eight samples of durable tapes.
Table 1 shows the information of climatic conditions and the traffic data at four 
different test decks.
Table 1 Traffic and Climatic Conditions at Various Test Decks
AADT/Lane Summer High (F) Winter Low (F) Total Precipitation (in)
Pennsylvania 3375 81 21 41.59
Mississippi 4500 90 38 55.87
Utah 2500 85 13 19.02
Wisconsin 5400 81 8 33
CHAPTER 3 
LITERATURE REVIEW
3.1 NTPEP Field Test
Conglong Yu, (2001) reported research to evaluate the technical measurement such as 
retroreflectivity, durability and chromaticity of pavement marking materials on 2000 
NTPEP Mississippi test deck. These parameters of pavement marking materials on 
different surfaces, such as asphalt and concrete, are studied. The purpose of the research 
is to estimate the service life of pavement marking materials. Results showed that the 
white materials had higher retro-reflectivity than the yellow materials. Amongst different 
material types tested, the durable tapes and thermoplastics had better retro-reflectivity. At 
the end of one year, the average durability of the products appeared to be 90% on both 
the asphalt and concrete surfaces.
3.2 New Jersey Department of Transporation
In anticipation of federal retroreflectivity standards for pavement markings, the New 
Jersey Department of Transportation (NJDoT, 2000) undertook to evaluate their three 
year fixed schedule re-striping strategy, to see if it is consistent with the actual service 
life of the pavement markings. One of the primary tasks is to determine a threshold
value of retroreflectivity level below which a pavement marking will no longer be 
considered useful for motorist nighttime guidance. The results suggested that the 
threshold value of acceptable versus unacceptable level of retroreflectivity appeared to be 
between 80 and 130mcd/m2/lux, for New Jersey drivers of age less than 55 years, and 
between 120 -165 mcd/m2/lux for drivers of age greater than 55 years. Based on the 
rating panel used, the analysis further suggested that, concentrating resources on re- 
striping New Jersey pavement markings with retroreflectivity below 130mcd/m2/lux 
would achieve a greater relative increase in driver satisfaction than re-striping pavement 
marking with retroreflectivity above 130mcd/m2/lux.
3.3 Federal Highway Administration
The FHWA Tumer-Fairbank Highway Research Center conducted a research 
program to study the visibility of retroreflective raised pavement markers (RRPMs) (John 
A. Molino, et al. 2003). The emphasis of the study was to determine the relative 
luminance of RRPMs and pavement markings PMs needed to produce adequate guidance 
on rural two-lane roadways at night.
The experiment explored the relationship between the luminous intensity of RRPMs 
and the luminance of PMs using human driver performance measures. At a distance of
45.7 m, close to the grand mean curve recognition distance of 43.0m found in the 
experiment, new RPMs are expected to produce a luminance of 41.2 cd/m^ and a new PM 
strip a luminance of 0.836 cd/m^ respectively The luminous values tested in the 
experiment are lower than those likely to be found in the field, especially for the RPMs.
curve recognition distances in the current experiment did not correspond to those 
obtained with RPMs and PMs of low, high and medium retroreflectivity in the field.
3.4 American Society for Testing and Materials
The American Society for Testing and Materials (ASTM) (NCHRP, Synthesis 306, 
1999) specifies that a new marking is required to have a minimum initial retro-reflectivity 
of 250 millicandelas per square meter per lux (mcd/m^/lux) for white markings and 175 
mcd/m^/lux for yellow markings. Some state agencies require higher initial retro­
reflectivity, depending on the material, whereas others do not have any initial retro­
reflectivity requirements. Waterborne paint is used by 78% of the agencies, followed by 
thermoplastic at 69%. Waterborne is striped on almost 60% of the total mileage at a cost 
of 17% of the total money spent on pavement markings. Thermoplastic markings are 
striped on almost 23% of the total mileage at a cost of 35% of the money spent on 
pavement markings. Durable markings are being used to increase the service life of 
pavement marking systems.
3.5 Texas Department of Transportation
With reference to the FHWA draft recommendations, TxDOT has suggested that 
average pavement marking retroreflectivity values should be between 80-100 mcd/m^/lux 
(Texas DoT, 2004). Pavement marking retroreflectivity under wet conditions is often 
much lower than during dry conditions. Retroreflective raised pavement markings are 
provided on most TxDOT roadways to improve visibility under wet conditions.
3.6 Utah Department of Transportation
Peter T. Martin, et al. (1996) Research to evaluate and minimize costs incurred for 
pavement markings and relationship between pavement marking and life expectancy are 
developed in the state of Utah. Three types of pavement markings are used by UDOT. 
They are the Solvent Based Paint, Epoflex Epoxy Resin, and Pavement Marking Tape. 
The results showed that Tape lasted longer than Epoflex and Paint on both Portland 
cement and Asphalt for a given AADT. Paint had a longer useful life for a given AADT 
than Epoflex on Asphalt Concrete. Paint’s useful life is found to be approximately 80% 
greater on Portland cement than Asphalt for AADT levels below 7,500. For AADT levels 
above 7,500, Paint last approximately 20% longer on Portland cement than Asphalt.
3.7 Virginia Department of Transportation
Virginia Dept, of Transportation conducted a research to determine the safety, 
motorist opinion and to evaluate the cost effectiveness of pavement marking materials. 
(Hansen, Robert. A, et al. 2001). One of the findings of this research is that drivers over 
the age of 65 are less satisfied with the brightness of pavement markings than the drivers 
below 65. If only the annualized installation costs are taken into consideration for a study 
period of 6 years, the order from least to most expensive is thermoplastic, epoxy, 
polyurea, and waffle tape.
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3.8 Summary
Various researches were done by different department of transportation and other 
researchers, in the field of pavement markings. The main intention of this research was to 
have a thorough knowledge of the past researches and based on that knowledge; perform 
analysis on different pavement marking materials located at four different geographical 
locations in the US. The purpose of this research was to evaluate the field retroreflectivity 
performance of various pavement marking materials at different locations with varying 
traffic conditions to determine the performance on the products in terms of 
retroreflectivity deterioration.
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CHAPTER 4 
METHODOLOGY
This chapter discusses the methodology adopted in performing the analysis of various 
pavement marking products to analyze the rate of deterioration of the products with 
respect to initial retroreflectivity of the products, the AADT/Lane and other climatic 
conditions. The data required to perform the analysis is obtained from National 
Transportation and Product Evaluation Program (NTPEP) website. For the analysis, the 
data had the field tire and the skip retroreflectivity readings taken at four different test 
deck locations mentioned earlier in the test deck chapter. This data is sorted on the basis 
of time to find the average retroreflectivity readings.
The analysis of the sorted data is divided into two steps. First step involved the 
preliminary analysis of the data. In this process the initial retroreflectivity of the four 
products based on their color (white and yellow), based on the surface of installation 
(asphalt and cement concrete) and based on the tire and the skip region is tabulated. 
Similarly, the percentage retained retroreflectivity based on the above mentioned factors 
is tabulated to have an idea of the performance of the products. Each product, white and 
yellow, tire and skip, lay on asphalt and concrete is then regressed with respect to time
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to find the rate of deterioration of the product. In mathematical terms each product is 
regressed with respect to time to calculate the slope of the product.
The slopes of the four different products are tabulated with the variables mentioned 
earlier to perform the second stage of regression analysis. The results of this regression 
analysis showed how different variables used affected the rate of deterioration of the 
products. The regression analysis is further divided into two stages:
Stage 1 : Preliminary Analysis
Slope = Constant ± Coefficient*Variable--------------------- (Single Variable)
Slope = Constant ± Coefficient*Variable + Coefficient*Variable—(Two Variables) 
If the constant in the equation obtained had insignificant P-Value (P>0.09) then the 
regression analysis is performed once again ignoring the constant from the equation.
Stage 2: Statistical Analysis
Slope = ± Coefficient*Variable------------- (Single Variable)
Slope = ± Coefficient*Variable ± Coefficient*Variable------------- (Two Variables)
The following chapters discuss about the preliminary analysis and statistical analysis 
of the four different pavement marking products.
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CHAPTER 5 
PRELIMINARY ANALYSIS
5.1 Data Description
This chapter primarily deals with the preliminary analysis of the retroreflectivity 
performance of various pavement marking materials at different test deck locations. The 
analysis of the various pavement marking materials is based on the fact that their field 
retroreflectivity performance is affected by various factors such as their initial 
retroreflectivity values at the time of installation, the AADT/lane, various factors such as 
seasonal temperatures, precipitation in the form of rain and snow in the region at which 
they are installed. It is assumed or hypothesized that the tire retroreflectivity values are 
function of AADT/lane, initial value, seasonal temperatures and precipitation; whereas 
the skip retroreflectivity values are a function of initial value and other physical factors 
mentioned above.
• Performance of tire retroreflectivity = f  (AADT/lane, initial value, seasonal 
high and low temperatures, average annual precipitation)
• Performance of skip retroreflectivity = f  (initial value, seasonal high and low 
temperatures, average annual precipitation)
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The data required to perform the analysis was obtained from NTPEP website. The 
data mine available on the NTPEP website is maintained under Traffic safety, 
Construction and Maintenance. Data for four different test deck locations, located at 
various geographical locations in the US was taken in consideration for performing the 
analysis. These test decks are located in Pennsylvania, Mississippi, Utah and Wisconsin. 
These four test decks have varied climatic and traffic conditions. The data stored on the 
website can be downloaded in excel. The data contains information regarding submittal 
year (year during which the readings were taken), the description of the various pavement 
marking products by the NTPEP, the inspection date, skip retroreflectivity and durability, 
left wheel retroreflectivity, color coordinates x and y. From this raw data, only the field 
retroreflectivity data was extracted for the analysis. This data consisted of codes for each 
pavement marking product issued by NTPEP, inspection date, skip retroreflectivity and 
left wheel retroreflectivity. The filtered data was then sorted in ascending order of their 
inspection dates and product codes. For each product, averages for the skip and tire 
retroreflectivity needed to be calculated as more than one readings were taken on each 
date. Macros were written in excel to calculate the average value of the tire and skip 
retroreflectivity for each product. The processed data contained the corresponding tire 
and skip averages with respect to the month in which the readings were taken for the 
white and the yellow products installed on both asphalt and cement concrete surface.
Pennsylvania, Mississippi and Utah had data available for a period of two years, 
while Wisconsin had data available for only 10 months. Therefore the analysis was done
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only for 10 month data. Sorted data based on averaging the tire and the skip values was 
organized into different categories. These categories primarily lay emphasis on color 
(yellow/white), tire and skip values and asphalt/concrete surface. Each material type from 
four different test decks was taken into account individually. There were two levels of 
regression analysis performed on the data.
In this chapter the initial tire and skip retroreflectivity of the different products will be 
discussed along with the percentage retroreflectivity retained at the end of ten month 
period to observe the performance the retroreflectivity performance of the products. Each 
product was analyzed in MINITAB to develop equations with time as the independent 
variable and product as the dependent variable. On performing this regression analysis of 
product versus time, each product yielded an equation of its own. These equations related 
the rate of deterioration of the product with respect to time. The parameters of interest out 
of this regression were the intercept values, standard deviation, P-values of the constant 
and slope (rate of deterioration of the retroreflectivity) values, standard deviation and P- 
values of the time. Of these the rate of deterioration of the products were tabulated and 
discussed to observe the trend in their deterioration with respect to time.
Table 2 shows sample size of various products installed at four different test deck 
locations.
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Table 2 Sample Size of various pavement marking materials
Material Type PAWhite Yellow White
UT
Yellow White Yellow
WS
White Yellow
Waterborne Paint 32 29 1 5
Thermoplastic 19 29 11 15 13
Preformed Thermoplastic 10 12
Durable Tapes
5.2 Initial Tire Retroreflectivity Value
Tables 3, 4, 5 and 6 show the initial tire retroreflectivity of the products. Table 3 
shows the initial tire retrorefleetivity of the white products installed on the asphalt surface. 
It is observed from the table that the paint products installed on the Pennsylvania test 
deck have higher initial tire retrorefleetivity than that on the other three test deeks. Utah 
has only one waterborne paint product so not much can be predicted about its overall 
initial retroreflectivity. The thermoplastic products on the Mississippi test deck have a 
better initial retroreflectivity than Pennsylvania and Utah. Wisconsin has no white 
thermoplastic products installed on its test deck. The durable tapes have comparable 
initial tire retroreflectivity on Mississippi, Utah and Wisconsin test decks. Table 4 shows 
the average initial tire retroreflectivity of white products installed on the cement concrete 
surface. The products installed on concrete surface on Pennsylvania and Wisconsin test 
decks have a comparatively lower average initial tire retroreflectivity than those installed 
on the asphalt surface. Quite similar is the ease for the thermoplastic and preformed 
thermoplastic products. Amongst the four different material types, it is observed from the 
table that the durable tapes have a higher initial tire retroreflectivity values.
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Table 3 Initial Tire Retroreflectivity of White Products - AC Surface
White Products on Asphalt Surface - 1fire Region
PA MS UT WS
Paint 432 330 270 361
Thermoplastic 470 518 360 -
Preformed Thermoplastic 424 549 325 417
Durable Tapes 572 639 635 637
Table 4 Initial Tire Retroreflectivity of White Products - PCC Surface
White Products on Cement Concrete Surface - Tire Region
PA MS UT WS
Paint 389 328 344 316
Thermoplastic 436 471 371
Preformed Thermoplastic 313 459 334 482
Durable Tapes 563 563 594 491
Tables 5 and 6 show the initial tire retroreflectivity of the yellow products installed on 
asphalt and cement concrete surfaces respectively. There’s quite a difference in the initial 
values of the yellow products as compared to the white products. Almost all yellow 
products show comparatively lower initial tire retroreflectivity values than the white 
products. On comparing the different material types, it’s observed that the tapes have a 
higher initial retroreflectivity than other materials.
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Table 5 Initial Tire Retroreflectivity of Yellow Products - AC Surface
Yellow Products on Asphalt Surface - Tire Region
PA MS UT WS
Paint 212 233 156 237
Thermoplastic 211 272 202 135
Preformed Thermoplastic 164 317 214 -
Durable Tapes 468 475 251 464
Table 6 Initial Tire Retroreflectivity of Yellow Products - PCC Surface
Yellow Products on Cement Concrete Surface - Tire Region
PA MS UT WS
Paint 258 292 239 212
Thermoplastic 217 242 202 131
Preformed Thermoplastic 176 293 217
Durable Tapes 515 472 218 454
5.3 Initial Skip Retroreflectivity Value
Table 7 and 8 show the initial skip retroreflectivity performance of the white products 
installed on asphalt and cement concrete surfaces respectively. The waterborne paints on 
the Pennsylvania test deck in table 7 shows better performance in terms of initial 
retroreflectivity values over the other three test decks. The thermoplastic products have 
almost the same average initial tire and skip retroreflectivity on Mississippi and Utah test 
decks. The durable tapes have higher initial retroreflectivity than the other products.
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Table 7 Initial Skip Retroreflectivity of White Products - AC Surface
White Products on Asphalt Surface - Skip Region
PA MS UT WS
Paint 402 336 222 338
Thermoplastic 449 519 361 -
Preformed Thermoplastic 378 448 276 382
Durable Tapes 603 659 628 611
Table 8 Initial Skip Retroreflectivity of White Products - PCC Surface
White Products on Cement Concrete Surface - Skip Rejgion
PA MS UT WS
Paint 416 339 373 316
Thermoplastic 432 483 352 -
Preformed Thermoplastic 378 510 374 457
Durable Tapes 558 596 600 539
Tables 9 and 10 summarize the initial skip retroreflectivity performance of the yellow 
products on the asphalt and cement concrete surface. Similar to the yellow products on 
the tire region, the yellow products on the skip region have lower initial skip
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retroreflectivity values than the white products. The durable tapes installed on the asphalt 
and cement concrete surface on the Utah test have lower initial retroreflectivity values 
than the other three test decks.
Table 9 Initial Skip Retroreflectivity of Yellow Products - AC Surface
Yellow Products on Asphalt Surface - Skip Region
PA MS UT WS
Paint 231 233 154 219
Thermoplastic 221 280 184 116
Preformed Thermoplastic 194 384 207 -
Durable Tapes 518 485 249 441
Table 10 Initial Skip Retroreflectivity of Yellow Products - PCC Surface
Yellow Products on Cement Concrete Surface - Skip Region
PA MS UT WS
Paint 259 196 251 224
Thermoplastic 220 244 196 147
Preformed Thermoplastic 183 279 226 -
Durable Tapes 492 514 234 456
5.4 Percentage Retained Retroreflectivity of Tire Region
The formula used for calculating the Percentage retained retroreflectivity was 
Finalretro reflectivi ty , „ „ „,
---------------------- ------ --— —  X 1 0 0 %
Initialret roreflecti vity
Tables 11 and 12 show the percentage retained retroreflectivity of the white products 
installed on the asphalt and cement concrete surfaces respectively.
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Table 11 Percentage Retained Retroreflectivity of White Products - AC Surface
White Products on Asphalt Surface - Tire Region
PA MS UT WS
Paint 15 30 4 11
Thermoplastic 35 22 14 -
Preformed Thermoplastic 33 23 10 48
Durable Tapes 18 12 2 34
Table 12 Percentage Retained Retroreflectivity of White Products -  PCC Surface
White Products on Cement Concrete Surface - Tire Region
Paint
Thermoplastic
Preformed Thermoplastic
Durable Tapes
PA
19
28
40
12
MS
27
28
33
25
UT
32
28
WS
27
72
53
It is observed from table 11 that the thermoplastic and preformed thermoplastic 
products retain higher retroreflectivity as compared to waterborne paint and the durable 
tapes. Similar scenario is observed in the case of thermoplastic and preformed 
thermoplastic products on the cement concrete surface in table 12.
Tables 13 and 14 on the next page present the retained retroreflectivity of the yellow 
products installed on the asphalt and cement concrete surfaces respectively.
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Table 13 Percentage Retained Retroreflectivity of Yellow Products - AC Surface
Yellow Products on Asphalt Surface - Tire Region
PA MS UT WS
Paint 12 25 4 11
Thermoplastic 34 21 11 78
Preformed Thermoplastic 24 15 10 -
Durable Tapes 13 17 3 32
Table 14 Percentage Retained Retroreflectivity of Yellow Products - PCC Surface
Yellow Products on Cement Concrete Surface - Tire Region
PA MS UT WS
Paint 17 17 8 31
Thermoplastic 28 24 29 56
Preformed Thermoplastic 24 26 16 -
Durable Tapes 18 22 11 40
The paint and the durable tapes retained lower retroreflectivity compared to the 
thermoplastic and preformed thermoplastic products. The yellow preformed 
thermoplastic products retained lower retroreflectivity on the cement concrete surface on 
the Pennsylvania test deck as compared to those products installed on asphalt surface.
5.5 Percentage Retained Retroreflectivity of Skip Region
Tables 15 and 16 represent the retained retroreflectivity of the skip region of the 
white products installed on asphalt and cement concrete surfaces respectively. From the 
tables it is evident that for most of the cases except Durable Tapes on the Utah test deck
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that the retained retroreflectivity of the products in the skip region is higher than their 
corresponding tire region. This may be attributed to the fact that the product in the tire 
region comes in contact with the tires of the on moving vehicles more than the skip 
region.
Table 15 Percentage Retained Retroreflectivity of White Products - AC Surface
White Products on Asphalt Surface - Skip Region
PA MS UT WS
Paint 62 80 8 30
Thermoplastic 80 82 47 -
Preformed Thermoplastic 107 99 37 91
Durable Tapes 63 69 2 51
Table 16 Percentage Retained Retroreflectivity of White Products - PCC Surface
White Products on Cement Concrete Surface - Skip Region
PA MS UT WS
Paint 70 66 19 60
Thermoplastic 76 73 53 -
Preformed Thermoplastic 108 77 52 128
Durable Tapes 32 53 28 93
The preformed thermoplastic products on the Pennsylvania and Wisconsin test decks 
in table 16 show 108% and 128% percent retention of retroreflectivity. This indicated that 
on an average the products may have gained retroreflectivity at the end of ten month 
period.
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Tables 17 and 18 present the retained retroreflectivity of the yellow products on the
asphalt and cement concrete surfaces respectively.
Table 17 Percentage Retained Retroreflectivity of Yellow Products-AC Surface
Yellow Products on Asphali Surface - Skip Region
PA MS UT WS
Paint 55 70 10 26
Thermoplastic 76 61 49 101
Preformed Thermoplastic 66 60 21 -
Durable Tapes 59 63 4 56
Table 18 Percentage Retained Retroreflectivity of Yellow Products—PCC Surface
Yellow Products on Cement Concrete Surface - Skip Region
PA MS UT WS
Paint 74 66 25 68
Thermoplastic 80 73 70 77
Preformed Thermoplastic 85 73 48 -
Durable Tapes 51 43 53 87
The thermoplastic and preformed thermoplastic products have a higher retained 
retroreflectivity as compared to the other products. For the yellow products installed on 
the cement concrete surface the Durable Tapes show better retained retoreflectivity on the 
Wisconsin test deck.
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5.6 Retroreflectivity Slopes
Having an idea of the initial retroreflectivity and the percentage retroreflectivity 
retained at the end of 10 month period for the tire and the skip region, it was essential to 
estimate the rate of deterioration of the products with respect to time. As mentioned 
earlier in this chapter, each product was analyzed with respect to time. Following tables 
discuss the rate of deterioration of the products on the tire and skip region respectively.
Tables 19 and 20 present the rate of deterioration of the tire region of the white 
products installed on asphalt and eement concrete surfaces respectively. As discussed 
earlier the durable tapes have a higher initial retroreflectivity as compared to the other 
products. Tables 19 and 20 on the next page indicate higher rate of deterioration of the 
durable tapes as compared to other products. This trend is observed on both the asphalt 
and cement concrete surface for all the four test decks.
Table 19 Rate of Deterioration -White Products -AC Surface-Tire Region
White Products on Asphalt Surface -1 are Region
PA MS UT WS
Paint -35 -23 -24 -24
Thermoplastic -28 -39 -27 -
Preformed Thermoplastic -28 -44 -29 -7
Durable Tapes -40 -62 -56 -37
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Table 20 Rate of Deterioration-White Products-PCC Surface-Tire Region
White Products on Cement Concrete Surface - Tire Region
PA MS UT WS
Paint -28 -21 -26 -23
Thermoplastic -27 -33 -18
Preformed Thermoplastic -20 -30 -25 -11
Durable Tapes -33 -41 -51 -31
Tables 21 and 22 on the nest page show the rate of deterioration of the yellow 
products on the asphalt and cement concrete surfaces respectively. The yellow 
thermoplastic products on the asphalt surface and cement concrete surface show a lower 
rate of deterioration on Mississippi, Pennsylvania and Utah test decks as compared to the 
white products. The yellow durable tapes on the asphalt and cement concrete surface 
show a lower rate of deterioration on Mississippi, Utah and Wisconsin test decks than the 
white products.
Table 21 Rate of Deterioration-Yellow Products-AC Surface-Tire Region
Yellow Products on Asphalt Surface - Tire Region
PA MS UT WS
Paint -17 -18 -13 -14
Thermoplastic -11 -20 -16 -4
Preformed Thermoplastic -12 -30 -18 -
Durable Tapes -36 -44 -23 -25
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Table 22 Rate of Deterioration-Yellow Products-PCC Surface-Tire Region
Yellow Products on Cement Concrete Surface - Tire Region
PA MS UT WS
Paint -19 -16 -18 -14
Thermoplastic -13 -17 -12 -6
Preformed Thermoplastic -12 -23 -19
Durable Tapes -35 -31 -19 -28
The skip region analysis related to rate of deterioration is tabulated in the following 
tables. Tables 23 and 24 on the next page show the rate of deterioration of the white 
products on the asphalt and cement concrete surface respectively. It can be observed that 
the rate of deterioration on the skip region is lower than the corresponding tire region. 
This phenomena is observed on both the asphalt and cement concrete surfaces. This may 
be due to more deterioration of the products on the tire region. The preformed 
thermoplastic products on the Pennsylvania test deck show an average rate of 
deterioration as zero. This does not mean that the products never deteriorated. It was 
because some of the products had positive value of slopes, meaning the retroreflectivity 
of the products improved with time over a period of 10 months as a result of which the 
products nullified the slopes of those products which had a negative value and yielded a 
net zero value mathematically. The durable tapes have a higher rate of deterioration as 
compared to the other products.
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Table 23 Rate of Deterioration-White Products—AC Surface-Skip Region
White Products on Asphalt Surface - Skip Region
PA MS UT WS
Paint -18 -7 -19 -21
Thermoplastic -14 -6 -23 -
Preformed Thermoplastic -4 -1 -20 11
Durable Tapes -28 -22 -61 -33
Table 24 Rate of Deterioration-White Products-PCC Surface-Skip Region
White Products on Cement Concrete Surface - Skip Region
PA MS UT WS
Paint -13 -8 -21 -17
Thermoplastic -12 -13 -26 -
Preformed Thermoplastic 0 -13 -28 9
Durable Tapes -37 -25 -57 -9
Tables 25 and 26 show the rate of deterioration of the yellow products installed on the 
asphalt and cement concrete surfaces respectively. In the case of Durable Tapes the 
yellow products on the asphalt and cement concrete surfaces have a lower rate of 
deterioration as compared to the white products.
Table 25 Rate of Deterioration-Yellow Products-AC Surface-Skip Region
Yellow Products on Asphalt Surface - Skip Region
PA MS UT WS
Paint -12 -7 -11 -13
Thermoplastic -8 -8 -12 -4
Preformed Thermoplastic -9 -15 -16 -
Durable Tapes -22 -15 -24 -21
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Table 26 Rate of Deterioration-Yellow Products-PCC Surface-Skip Region
Yellow Products on Cement Concrete Surface - Skip Region
PA MS UT WS
Paint -7 -22 -9
Thermoplastic -5 -9 -6
Preformed Thermoplastic -6 -11 -18
Durable Tapes -29 -24 -15 -11
Summarizing the observations based on performing the preliminary analysis of the 
products it was found that of the four different material types, the durable tapes had the 
highest value of initial retroreflectivity on all the four test decks. The thermoplastic and 
preformed thermoplastic products had a better initial retroreflectivity on the Mississippi 
test deck as compared to Pennsylvania, Utah and Wisconsin test decks. With reference to 
the percentage retroreflectivity retained at the end of 10 month period it was found that 
the thermoplastic and preformed thermoplastic products had a better retention as 
compared to waterborne paint and durable tapes. The skip region had a higher percentage 
retroreflectivity retained than their corresponding tire region. The rate of deterioration 
calculated for each product with respect to time, showed that the durable tapes had a 
faster rate of deterioration than the other products. As compared to the white products the 
yellow products tend to have a lower rate of deterioration for most of the cases.
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CHAPTER 6
STATISTICAL ANALYSIS 
This chapter deals with the statistical analysis of the rate of deterioration of the field 
retroreflectivity with respect to the traffic and climatic conditions. The variables of 
interest while performing linear regression analysis are Initial Value of the 
retroreflectivity, Average Annual Daily Traffic (AADT/Lane), total annual precipitation, 
average summer high temperatures and average winter low temperatures.
The test decks considered for analysis are located at different geographical locations 
in the United States with different traffic and climatic conditions. The weather data on the 
average monthly temperatures and annual precipitation were collected from the website 
www.weather.com. The AADT/lane for each test deck was obtained by contacting 
appropriate personnel with jurisdiction on the locations where the test decks were located. 
The AADT/lane for each test deck has been previously discussed in the Test Deck 
chapter. This chapter mainly discusses the results obtained after performing the second 
stage of analysis which involves performing regression analysis of the rate of 
deterioration of the field retroreflectivity value as function of the various variables 
mentioned above. The various combinations used for performing the regression analysis 
and to be statistieally significant for further analysis are as follows:
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• Slope = f(initial retroreflectivity value of the products)
• Slope = f(AADT/Lane)
• Slope = f(Total average annual precipitation)
• Slope = f(initial value of the products + AADT/Lane)
• Slope = f(AADT/Lane + Total annual average precipitation)
• Slope = f(Summer High temperatures + Winter Low temperatures)
6.1 Initial Value as Variable
6.1.1 White Products
Tables 27, 28, 29 and 30 on the following pages show the statistical analysis outcome 
of the white products with initial value of the products as a variable. It is evident from 
table 27 that equations obtained are statistically insignificant. The equations obtained for 
tire analysis had insignificant P-Values (P > 0.09) for their intercepts. For such cases 
another set of regression analysis is performed without considering the intercept. The 
equations obtained for the skip analysis on the asphalt and cement concrete surface in 
table 27 showed that there is no relation of the initial value with the slope of the product. 
For such equations the ANOVA P-Values are also insignificant.
Table 28 shows the statistical analysis results obtained on performing regression 
analysis of the white products of thermoplastic material. As can be seen in table 28 the 
tire value analysis on the asphalt surface and the skip value analysis on the cement 
concrete surface produced insignificant equations. For such equations another regression 
analysis needed to be performed without including the intercept.
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Table 29 and table 30 show the statistical analysis results of the white preformed 
thermoplastics and durable tapes respectively. Each of these equations held no statistical 
significance and hence another set of regression analysis needed to be performed ignoring 
the intercept.
Tables 31 through 34 show the statistical results on performing regression analysis 
excluding the constant for the waterborne paints, thermoplastic, preformed thermoplastic 
and durable tapes respectively.
Table 27 Regression Coefficient-Initial Value-White Waterborne Paint
2 Yr. Waterborne Paint
Initial Value - White Product
AS PCC
Const. Coefficient Const. Coefficient
Tire 4.05 -0.0868 4.51 -0.083
P-Value 0.138 0 0.181 0
Equation (4.05 - 0.0868 Initial Value) (4.51 - 0.0830 Initial Value)
R-Sq 80.10% 66.20%
Equation F = 189.03 P = 0.000 F = 92.07 P = 0.000
Const. Coefficient Const. Coefficient
Skip -19.1 0.0056 -15.3 0.0054
P-Value 0 0.667 0.002 0.643
Equation (-19.1 + 0.0056 Initial Value) (-15.3 + 0.0054 Initial Value)
R- Sq 0.40% 0.50%
Equation F = 0.19 P = 0.667 F = 0.22 P = 0.643
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Table 28 Regression Coefficient -  Initial Value-White Thermoplastic
Thermoplastic
Initial Value - W hite Product
AS PCC
Const. Coefficient Const. Coefficient
Tire 3.59 -0.0744 11.4 -0.0883
P-Value 0.502 0 0.003 0
Equation (3.59 - 0.0744 Initial Value) (11.4 - 0.0883 Initial Value)
R-Sq 55.10% 77.20%
Equation F = 44.15 P = 0.000 F =  121.55 P = 0.000
Const. Coefficient Const. Coefficient
Skip -28.6 0.0333 -4.59 -0.025
P-Value 0.001 0.059 0.621 0.239
Equation (-28.6 + 0.0333 Initial Value) (-4.59 - 0.025 Initial Value)
R- Sq 9.50% 3.80%
Equation F = 3.80 P = 0.059 F = 1.43 P = 0.239
Table 29 Regression Coefficient-Initial Value-White Preformed Thermoplastic
Preformed Thermoplastic
Initial Value - White Product
AS PCC
Const. Coefficient Const. Coefficient
Tire 1.32 -0.0775 0.83 -0.0672
P-Value 0.808 0 0.823 0
Equation (1.32 - 0.0775 Initial Value) (0.83 - 0.0672 Initial Value)
R-Sq 57.80% 64.30%
Equation F = 39.78 P = 0.000 F = 52.19 P = 0.000
Const. Coefficient Const. Coefficient
Skip -8.42 -0.001 8.2 -0.0525
P-Value 0.333 0.964 0.482 0.057
Equation (-8.42 - 0.001 Initial Value) (8.2 - 0.0525 Initial Value)
R- Sq 0.00% 11.90%
Equation F = 0.00 P = 0.964 F = 3.92 P = 0.057
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Table 30 Fdegression Coefficient Initial Value-White Durable Tapes
Durable Tapes
Initial Value - White Product
AS PCC
Const. Coefficient Const. Coefficient
Tire -10.2 -0.0618 -0.61 -0.0699
P-Value 0.322 0.001 0.924 0
Equation (-10.2-0 .0618 Initial Value) (-0.61 -0.0699 Initial Value)
R-Sq 51.00% 71.60%
Equation F = 17.67 P = 0.001 F = 42.91 P = 0.000
Const. Coefficient Const. Coefficient
Skip -13.3 -0.0371 18.8 -0.0853
P-Value 0.38 0.112 0.167 0.001
Equation (-13.3 -0.0371 Initial Value) (18.8 - 0.0853 Initial Value)
R-Sq 14.20% 49.30%
Equation F = 2.81 P = 0.112 F = 16.52 P = 0.001
Consider the case of the tire analysis of the waterborne products on the asphalt 
surface in table 31. The equation (slope = -0.08 * Initial Value) indicates that the product 
deteriorates by (mcd/m^/lux) /  (unit time; unit time = 1 month/' from its initial value.
Table 31 Regression coefficient (No Constant)-Initial Value White Paint
Waterborne Paint
Initial Value -■ White Product
AS PCC
Const. Coefficient Const. Coefficient
Tire - -0.08 - -0.06
P-Value - 0 - 0
Equation (-0.08 Initial Value) (-0.06 Initial Value)
Correlation 0.89 0.81
Equation F = 2124.3 P = 0 F = 575.7 P = 0
Const. Coefficient Const. Coefficient
Skip - - - -
P-Value - - - -
Equation - -
Correlation - -
Equation - - - -
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Table 32 shows the performance of the thermoplastic products on the tire region on 
the asphalt surface and the skip region on the cement concrete surface.
Table 32 Regression Coefficient (No Constant)-Initial Value White Thermoplastic
Thermoplastic
Initial Value - White Product
AS PCC
Const. Coefficient Const. Coefficient
Tire - -0.07 - -
P-Value - 0 - -
Equation (-0.07 Initial Value) -
Correlation -0.74
Equation F = 741.65 P = 0 - -
Const. Coefficient Const. Coefficient
Skip - - - -0.03
P-Value - - - 0
Equation - (-0.03 Initial Value)
Correlation - -0.19
Equation - - F = 58.73 P = 0
Tables 33 and 34 show the statistical results of the preformed thermoplastics and the 
durable tapes respectively. In the case of the preformed thermoplastic products, the 
coefficients of the tire region on the asphalt and cement concrete surface are higher than 
that on the corresponding skip region. This shows that the products tend to wear of more 
on the tire region than on the skip region. Same results are obtained for durable tapes in 
table 34.
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Table 33 Regression Coefficient (No Constant)-Initial Value White Preformed
Preformed Thermoplastic
Initial Value - White Product
AS PCC
Const. Coefficient Const. Coefficient
Tire - -0.07 - -0.06
P-Value - 0 - 0
Equation (-0.07 Initial Value) (-0.06 Initial Value)
Correlation -0.76 -0.8
Equation F = 324.81 P = 0 F = 325.01 P = 0
Const. Coefficient Const. Coefficient
Skip - -0.02 - -0.03
P-Value - 0.003 - 0
Equation (-0.02 Initial Value) (-0.03 Initial Value)
Correlation -0.00008 -0.0034
Equation F=10.16 P =0.003 F = 16.82 P = 0
Table 34 Regression Coefficient (No Constant)-Initial Value White Durable Tapes
Durable Tapes
Initial Value -• White Product
AS PCC
Const. Coefficient Const. Coefficient
Tire - -0.07 - -0.07
P-Value - 0 - 0
Equation (-0.07 Initial Value) (-0.07 Initial Value)
Correlation -0.71 -0.85
Equation F = 181.05 P = 0 F = 347.31 P = 0
Const. Coefficient Const. Coefficient
Skip - -0.05 - -0.05
P-Value - 0 - 0
Equation (-0.05 Initial Value) (-0.05 Initial Value)
Correlation -0.37 -0.7
Equation F = 53.44 P = 0 F = 46.92 P = 0
6.1.2 Yellow Products
Tables 35, 36 37 and 38 represent the regression coefficients on performing the 
statistical analysis of waterborne paint, thermoplastic, preformed thermoplastic and
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durable tapes respectively. In the case of the waterborne paints the equations for tire 
region on the asphalt and cement concrete surface had to be regressed again ignoring the 
constant. Same was the case for the skip region on the cement concrete surface. The 
equation for the skip region on the asphalt surface showed that the initial retroreflectivity 
value of the yellow waterborne paint held no relation with the rate of deterioration of the 
products. In the case for the thermoplastic products in table 36, the regression analysis for 
the skip region on the cement concrete surface had to he performed without the constant. 
Similar was the case for the preformed thermoplastic and durable tapes in table 37 and 38. 
The regression analysis for preformed thermoplastic and durable tapes had to be 
performed again ignoring the constant in the equation for the tire and the skip region on 
the asphalt and cement concrete surface. The results on performing the regression 
analysis for each of the four material types are shown in tables 39, 40, 41 and 42.
Table 35 Regression Coefficient-Initial Value Yellow Waterborne Paint
2 Yr. Waterborne Paint
Initial Value - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire 1.23 -0.0826 0.66 -0.0829
P-Value 0327 0 0.828 0
Equation (1.23 -0.0826 Initial Value) (0.66 - 0 .0829 Initial Value)
R-Sq 75.70% 63.80%
Equation F = 121.46 P = 0.000 F = 68.75 P = 0.000
Const. Coefficient Const. Coefficient
Skip -15 0.0149 -4.26 -0.0131
P-Value 0 0335 0.402 0 3 2
Equation (-15 4-  0.0149 Initial Value) (-4.26-0.0131 Initial Value)
R- Sq 2AŒ% 1.10%
Equation F = 0.95 P = 0.335 F = 0.42 P = 0.520
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Table 36 Regression Coefficient-Initial Value-Yellow Thermoplastic
Thermoplastic
Initial Value - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire 3.93 -0.0821 3.7 -0.0799
P-Value 0.012 0 0.001 0
Equation (3.95 -0.0821 Initial Value) (3.7 - 0.0799 Initial Value)
R-Sq 83.1094
Equation F = 164.57 P = 0.000 F = 280.31 P = 0.000
Const. Coefficient Const. Coefficient
Skip -5.61 -0.0123 -0.88 -0.0242
P-Value 0.002 0.094 0.673 0.01
Equation (-5.61 -0.0123 Initial Value) (-0.88 - 0.0242 Initial Value)
R- Sq 43#% 11.00%
Equation F = 2.90 P = 0.094 F = 7.08 P = 0.010
Table 37 F egression Coefficient-Initial Value-Yellow Preformed Thermoplastic
Preformed Thermoplastic
Initial Value - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire 2.77 -0.0972 0.66 -0.0829
P-Value 0327 0 0.828 0
Equation (2.77 - 0.0972 Initial Value) (0.66 - 0.0829 Initial Value)
R-Sq 87.20% SOTO^o
Equation F = 74.79 P = 0.000 F = 44.22 P = 0.000
Const. Coefficient Const. Coefficient
Skip -0.094 -0.051 4 3 7 -0.0753
P-Value 0.876 0.041 0382 0.041
Equation (-0.094-0.051 Initial Value) (4.37 - 0.0753 Initial Value)
R-Sq 32.70% 3230%
Equation F = 5.34 P = 0.041 F = 5.36 P = 0.041
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Table 38 Regression Coefficient-Initial Value-Yellow Durable Tapes
Durable Tape
Initial Value - Y ellow  Product
AS
Const. Coefficient
PCC
Const. Coefficient
Tire -7.04 -0.059 -0.44 -0.0608
P-Value 0.214 0 0353 0
Equation (-7.04 - 0.059 Initial Value) (-0.44 - 0.0608 Initial Value)
R-Sq 6730% 93.30%
Equation F = 29.11 P = 0.000 F =  194.87 P = 0.000
Const. Coefficient Const. Coefficient
Skip -1.39 -0.0428 8 69 -0.0632
P-Value 0.818 0.003 0.107 0
Equation (-1.39 -0.0428 Initial Value) (8.69 - 0.0632 Initial Value)
R- Sq 48.10% 74.60%
Equation F = 12.97 P = 0.003 F = 41.22 P = 0.000
Tables 39 through 42 present the regression coefficients of the four different products 
ignoring the constant from the regression equation. Table 39 shows that the waterborne 
paint installed on the asphalt surface has a coefficient of -0.08 while that on the cement 
concrete surface has -0.06. This indicated that the waterborne paint on the asphalt surface 
drops by 8 mcd/m^/lux for every 100 mcd/m^/lux of initial retroreflectivity whereas on 
the cement concrete surface it dropped by 6 mcd/m^/lux for every 100 mcd/m^/lux of 
initial retroreflectivity.
In the case of preformed thermoplastic products on the tire region shows higher 
coefficient values as compared to that of the corresponding skip region on both asphalt 
and cement concrete surfaces. This showed that the drop in the retroreflectivity on the tire 
region for the preformed thermoplastic surfaces was higher than the corresponding skip 
region. Similar was the case for the durable tapes in table 42.
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Table 39 Regression Coefficient (No Constant)-InitiaI Value Yellow Waterborne 
Paint
Waterborne Paint
Initial Value - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire - -0.08 - -0.06
P-Value - 0 - 0
Equation (-0.08 Initial Value) (-0.06 Initial Value)
Correlation -0.87 -0.79
Equation F = 1752.82 P = 0 F = 2787.84 P = 0
Const. Coefficient Const. Coefficient
Skip - - - -0.03
P-Value - - - 0
Equation - (-0.03 Initial Value)
Correlation - -0.1
Equation - - F = 74.2 P = 0
Table 40 Regression Coefficient (No Constant)-Initial Value Yellow Thermoplastic
Thermoplastic
Initial Value - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire - - - -
P-Value - - - -
Equation - -
Correlation - -
Equation - - - -
Const. Coefficient Const. Coefficient
Skip - - - -0.03
P-Value - - - 0
Equation - (-0.03 Initial Value)
Correlation - -0.33
Equation - - F = 105.97 P = 0
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Table 41 Regression Coefficient (No Constant)-Initial Value Yellow Preformed
Preformed Thermoplastic
Initial Value - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire - -0.09 - -0.08
P-Value - 0 - 0
Equation (-0.09 Initial Value) (-0.08 Initial Value)
Correlation -0.9 -0.9
Equation F = 413.34 P = 0 F = 322.65 P = 0
Const. Coefficient Const. Coefficient
Skip - -0.05 - -0.06
P-Value - 0 - 0
Equation (-0.05 Initial Value) (-0.06 Initial Value)
Correlation -0.5 -0.5
Equation F = 40.98 P = 0 F = 33.86 P = 0
Table 42 Regression Coefficient (No Constant)-Initial Value Yellow Durable Tapes
Durable Tape
Initial Value - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire - -0.07 - -0.06
P-Value - 0 - 0
Equation (-0.07 Initial Value) (-0.06 Initial Value)
Correlation -0.82 -0.96
Equation F = 162.73 P = 0 F = 780.12 P = 0
Const. Coefficient Const. Coefficient
Skip - -0.04 - -0.05
P-Value - 0 - 0
Equation (-0.04 Initial Value) (-0.05 Initial Value)
Correlation -0.69 -0.86
Equation F = 62.22 P = 0 F = 81.14 P = 0
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6.2 AADT/Lane
6.2.1 White Products
Tables 43, 44, 45 and 46 on the following pages represent the regression coefficients 
of the deterioration of products with AADT/Lane as a variable. As observed from table 
43 that except the waterborne products on the tire region on the asphalt surface, all the 
other equations obtained are statistically insignificant as AADT/Lane does not contribute 
towards the rate of deterioration of the products. Table 44 presents the regression analysis 
results of thermoplastic materials. The tire region on the asphalt and cement concrete 
surfaces had to be regressed again as the P value for the constant in the equation is 
insignificant. Tables 45 and 46 present the regression analysis equations for the 
preformed thermoplastic and durable tapes. The tire regions on the asphalt and cement 
concrete surface for hoth the thermoplastic and durable tapes hold no statistical 
significance as the variable does not have statistical significance in the equation.
Table 43 Regression Coefficients-AADT/Lane White Waterborne Paint
2 Yr. Waterborne Paint
AADT/Lane - White Product
AS PCC
Const. Coefficient Const. Coefficient
Tire -51.3 0.00527 -36 9 0.00283
P-Value 0 0TW3 0 0.179
Equation (-51.3 + 0.00527 AADT/Lane) (-36.9 + 0.00283 AADT/Lane)
17.00% 330%
Equation F = 963 P = 0.003 F = 1.86 P = 0.179
Const. Coefficient Const. Coefficient
Skip -18.4 0.00037 -10.1 -0.00079
P-Value 0.002 0.794 0.071 0372
Equation (-18.4 + 0.00037 AADT/Lane) (-10.1 - 0.00079 AADT/Lane)
R- Sq 0T#% 0.70%
Equation F = 0.07 P = 0.794 F = 0.32 P = 0.572
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Table 44 Regression Coefficients-AADT/Lane White Thermoplastic
Thermoplastic
AADT/Lane - White Product
AS PCC
Const. Coefficient Const. Coefficient
Tire -8.23 -0.00639 -2.14 -0.00701
P-Value 0.306 0.006 0.779 0.002
Equation (-8.23 - 0.00639 AADT/Lane) (-2.14 - 0.00701 AADT/Lane)
R-Sq 18.90% 23.40%
Equation F = 8.37 P = 0.006 F =  11.01 P = 0.002
Const. Coefficient Const. Coefficient
Skip -42.2 0.0082 -34.3 0.00538
P-Value 0 0 0.002 0.061
Equation (-42.2 4-  0.0082 AADT/Lane) (-34.3 + 0.00538 AADT/Lane)
R- Sq 31.30% 9.40%
Equation F =16.41 P = 0.000 F = 3.74 P = 0.061
Table 45 Regression Coefficients-AADT/Lane White Preformed Thermoplastic
Preformed Thermoplastic
AADT/Lane - White Product
AS PCC
Const. Coefficient Const. Coefficient
Tire -27.7 -0.00089 -25.8 0.0006
P-Value 0.018 0.776 0.011 0.822
Equation (-27.7 - 0.00089 AADT/Lane) (-25.8 + 0.0006 AADT/Lane)
R-Sq 0.80% 0.20%
Equation F = 0.08 P = 0.776 F = 0.05 P = 0.822
Const. Coefficient Const. Coefficient
Skip -42.6 0.0099 -46.4 0.0096
P-Value 0 0 0.002 0.019
Equation (-42.6 + 0.0099 AADT/Lane) (-46.4 4-  0.0096 AADT/Lane)
R- Sq 41.10% 17.50%
Equation F = 20.20 P = 0.000 F = 6.15 P = 0.019
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Table 46 Regression Coefficients-AADT/Lane White Durable Tapes
Durable Tapes
AADT/OLane - White Product
AS PCC
Const. Coefficient Const. Coefficient
Tire -66 0.00418 -61.7 0.00557
P-Value 0.004 0.377 0.001 0.13
Equation (-66 + 0.00418 AADT/Lane) (-61.7 + 0.00557 AADT/Lane)
R-Sq 4.60% 13.00%
Equation F = 0.82 P = 0.377 F = 2.54 P = 0.130
Const. Coefficient Const. Coefficient
Skip -73.8 0.00911 -95.1 0.0159
P-Value 0.001 0.047 0 0.004
Equation (-73.8 + 0.00911 AADT/Lane) (-95.1 + 0.0159 AADT/Lane)
R-Sq 21.20% 39.50%
Equation F = 4.57 P = 0.047 F =11.11 P = 0.004
Table 47 presents the statistical outcome of the white thermoplastic products on the 
tire region on the asphalt and cement concrete surface respectively. As observed the 
coefficient for the asphalt surface is higher than that on the cement concrete surface.
Table 47 Regression Coefficients (No Constant)-AADT/Lane White Thermoplastic
Thermoplastic
AADT/Lane •- White Product
AS PCC
Const. Coefficient Const. Coefficient
Tire - -0.009 - -0.007
P-Value - 0 - 0
Equation (-0.009 AADT/Lane) (-0.007 AADT/Lane)
Correlation -0.43 -0.46
Equation F = 386.86 P = 0 F = 336.27 P = 0
Const. Coefficient Const. Coefficient
Skip - - - -
P-Value - - - -
Equation - -
Correlation
Equation - - - -
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6.2.2 Yellow Products
The regression coefficients of the waterborne paint products are tabulated in table 48. 
Except the tire region on the cement concrete surface the other three equations are 
statistically insignificant. This is because the variable has an insignificant P-Value. 
Similarly for the thermoplastic products in table 49, the equations obtained on the tire 
region on the asphalt and cement concrete surface and the equation obtained for the skip 
region on the cement concrete surface have no statistical significance as the variable has 
insignificant P-Value.
Table 48 Regression Coefficient-AADT/Lane Yellow Waterborne Paint
2 Yr. Waterborne Paint
AADT/Lane - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire -20.2 0.00094 -26.8 0.00235
P-Value 0 0.41 0 0.001
Equation (-20.2 + 0.00094 AADT/Lane) (-26.8 + 0.00235 AADT/Lane)
R-Sq 1.00% 23.70%
Equation F = 0.69 P = 0.410 F = 12.08 P = 0.001
Const. Coefficient Const. Coefficient
Skip -13.7 0.000559 -8.7 0.00032
P-Value 0 0.543 0.061 0.784
Equation (-13.7 + 0.000559 AADT/Lane) (-8.7 + 0.00032 AADT/Lane)
R- Sq 1.00% 0.20%
Equation F = 0.38 P = 0.543 F = 0.08 P = 0.784
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Table 49 Regression Coefficient AADT/Lane Yellow Thermoplastic
Thermoplastic
AADT/Lane - Yellow Product
AS
Const. Coefficient
PCC
Const. Coefficient
Tire -11.4 -0.00081 -9.54 -0.00115
P-Value 0.019 0.537 0.028 0.326
Equation (-11.4 - 0.00081 AADT/Lane) (-9.54 - 0.00115 AADT/Lane)
R-Sq 0.70% 1.70%
Equation F = 0.39 P = 0.537 F = 0.98 P = 0.326
Const. Coefficient Const. Coefficient
Skip -15.3 0.00197 - 8 . 6'8 0.000711
P-Value 0 0.014 0.006 0.405
Equation (-15.3 + 0.00197 AADT/Lane) (-8.68 + 0.000711 AADT/Lane)
R- Sq 10.10% 1.20%
Equation F = 6.38 P = 0.014 F = 0.70 P = 0.405
Tables 50 and 51 present the regression coefficients obtained on performing statistical 
analysis of the preformed thermoplastic and durable tapes with respect to AADT/Lane. 
None of the equations hold statistical significance. The skip region of the preformed 
thermoplastic products on the cement concrete surface has an insignificant P-Value of the 
variable indicating no relationship in the equation.
The tire region on the asphalt and cement concrete surface as well as the skip region 
on the asphalt surface for the preformed thermoplastic products in table 50 had to be 
regressed again. In case of the durable tapes in table 51, all the four equations had to be 
regressed again.
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Table 50 B
Preformed Thermoplastic
AADT/Lane - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire -1.7 -0.00532 -13.1 -0.00143
P-Value 0.88 0.127 0.234 0.657
Equation (-1.7 - 0.00532 AADT/Lane) (-13.1 - 0.00143 AADT/Lane)
R-Sq 19.80% 1.90%
Equation F = 2.72 P = 0.127 F = 0.21 P = 0.657
Const. Coefficient Const. Coefficient
Skip -15.8 0.00075 -13.1 -0.00143
P-Value 0.216 0.839 0.06 0.31
Equation (-15.8 4- 0.00075 AADT/Lane) (-13.1 - 0.00143 AADT/Lane)
R-Sq 0.40% 9.30%
Equation F = 0.04 P = 0.839 F =  1.13 P = 0.310
Table 51 Ïdegression Coefficients-AADT/Lane Yellow Durable Tapes
Durable Tape
AADT/Lane - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire -29.7 -0.00063 -20.7 -0.00187
P-Value 0.144 0.888 0.298 0.678
Equation (-29.7 - 0.00063 AADT/Lane) (-20.7 - 0.00187 AADT/Lane)
R-Sq 0.10% 1.30%
Equation F = 0.02 P = 0.888 F = 0.18 P = 0.678
Const. Coefficient Const. Coefficient
Skip -25.6 0.00134 -29.8 0.00257
P-Value 0.144 0.731 0.171 0.599
Equation (-25.6 + 0.00134 AADT/Lane) (-29.8 + 0.00257 AADT/Lane)
R- Sq 0.90% 2.00%
Equation F = 0.12 P = 0.731 F = 0.29 P = 0.599
Tables 52 and 53 on the following page show the regression coefficients on 
performing the regression analysis of the yellow preformed thermoplastic products and 
durable tapes without the constant in the equation. As observed in table 52 the 
coefficients for the tire region on the asphalt and eement conerete surface is the same.
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0.005. This indicated that the product deteriorated by 5 mcd/m4lux for every 1000 
vehicles that passed over it.
In case of the durable tapes in table 53 the skip region on the asphalt and cement 
concrete surfaces have the same coefficients, 0.004. This indicated that the skip region 
deteriorated on the asphalt and cement concrete surface by 4 mcd/m^/lux for every 1000 
vehicles that passed over it.
Table 52 Regression Coefficient (No Constant)-AADT/Lane Yellow Preformed
Preformed Thermoplastic
AADT/Lane - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire - -0.005 - -0.005
P-Value - 0 - 0
Equation (-0.005 AADT/Lane) (-0.005 AADT/Lane)
Correlation -0.44 -0.13
Equation F = 55.69 P = 0 F = 76.14 P = 0
Const. Coefficient Const. Coefficient
Skip - -0.004 - -
P-Value - 0 - -
Equation (-0.004 AADT/Lane) -
Correlation 0.06 -
Equation F = 27.63 P = 0 - -
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Table 53 Regression Coefficient (No Constant)-AADT/Lane Yellow Durable Tapes
Durable Tape
AADT/Lane - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire - -0.007 - -0.006
P-Value - 0 - 0
Equation 4-0.007 AADT/Lane) (-0.006 AADT/Lane)
Correlation -0.03 -0.11
Equation F = 33.41 P = 0 F = 24.73 P = 0
Const. Coefficient Const. Coefficient
Skip - -0.004 - -0.004
P-Value - 0.002 - 0.007
Equation (-0.004 AADT/Lane) (-0.004 AADT/Lane)
Correlation 0.09 0.14
Equation F = 13.95 P = 0.002 F = 9.76 P = 0.007
6.3 Total Precipitation
6.3.1 White Products
Table 54, 55, 56 and 57 present the regression coefficients of the waterborne paints, 
thermoplastic, preformed thermoplastic and durable tapes respectively. As observed from 
table 54 the tire region on the asphalt and cement concrete surface hold no statistical 
significance as the coefficients have insignificant P-Values. The\skip region of the 
waterborne paints it’s observed from the equation that the products tend to deteriorate 
faster on the asphalt surface than on the cement concrete surface.
Table 55 shows the statistical outcome on performing regression analysis of the 
thermoplastic products with total precipitation as the variable. From the equations it is 
found that the skip region is affeeted more by the total precipitation than the 
corresponding tire region. It is ambiguous to conclude what variables have a more 
prominent impaet on the tire region as the tire region is affected not only by the tires of 
the on moving vehicles but also by other factors.
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Table 54 Regression Coefficient-Total Precipitation White Waterborne Paint
2 Yr. Waterborne Paint
Total Ppt - White Product
AS PCC
Const. Coefficient Const. Coefficient
Tire -32.9 .0.052 -30.8 0.119
P-Value 0.001 0.809 0.004 0.623
Equation (-32.9 + 0.052 Total Ppt) (-30.8+ 0.119 Total Ppt)
R-Sq 0.10% 0.50%
Equation F = 0.06 P = 0.809 F = 0.25 P = 0.623
Const. Coefficient Const. Coefficient
Skip -38.3 0.514 -28.5 0.368
P-Value 0 0.001 0 0.016
Equation (-38.3+  0.514 Total Ppt) (-28.5 + 0.368 Total Ppt)
R- Sq 21.80% 11.70%
Equation F = 13.08 P = 0.001 F = 6.20 P = 0.016
Table 55 Regression Coefficient-Total Precipitation White Thermoplastic
Thermoplastic
Total Ppt - White Product
AS PCC
Const. Coefficient Const. Coefficient
Tire -18.5 -0.299 -10.3 -0.402
P-Value 0.002 0.023 0.045 0.001
Equation (-18.5 - 0.299 Total Ppt) (-10.3 -0.402 Total Ppt)
R-Sq 13.50% 25.30%
Equation F = 5.62 P = 0.023 F =12.17 P = 0.001
Const. Coefficient Const. Coefficient
Skip -32.4 0.459 -30.1 0.361
P-Value 0 0 0 0.022
Equation (-32.4 + 0.459 Total Ppt) (-30.1 +0.361 Total Ppt)
R- Sq 32.00% 13.80%
Equation F =16.92 P = 0 F = 5.78 P = 0.022
The regression coefficients of the preformed thermoplastie and durable tapes are 
tabulated in tables 56 and 57 on the next page respectively. The tire region of the 
preformed thermoplastic product on the cement concrete surface had no statistieal 
significance as the variable had insignificant P-Value. With respect to the skip region on
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the asphalt and cement concrete surface, the equations showed that the skip region on the 
cement concrete surface deteriorated faster than on the asphalt surface.
The regression analysis results of the durable tapes are summarized in table 57. The 
tire region on the asphalt and cement concrete surface and the skip region on the cement 
concrete surface had no statistical significance as the coefficients of the variables had 
insignificant P-Value.
Table 56 Regression Coefficient-Total Precipitation White Preformed
Preformed Thermoplastic
Total Ppt - White Product
AS PCC
Const. Coefficient Const. Coefficient
Tire -19.1 -0.328 -21.1 -0.074
P-Value 0.013 0.089 0.003 0.663
Equation (-19.1 -0.328 Total Ppt) (-21.1 - 0.074 Total Ppt)
R-Sq 9.60% 0.70%
Equation F = 3.09 P = 0.089 F = 0.19 P = 0.663
Const. Coefficient Const. Coefficient
Skip -28.1 0.544 -33.6 0.568
P-Value 0 0.001 0.001 0.03
Equation (-28.1 + 0.544 Total Ppt) (-33.6 + 0.568 Total Ppt)
R-Sq 31.10% 15.20%
Equation F =13.07 P = 0.001 F = 5.19 P = 0.030
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Table 57 Regression Coefficient-Total Precipitation White Durable Tapes
Durable Tapes
Total Ppt - White Product
AS
Const. Coefficient
PCC
Const. Coefficient
Tire -40.7 -0.225 -46.9 0.215
P-Value 0.017 0.575 0.001 0.5
Equation (-40.7 - 0.225 Total Ppt) (-46.9 + 0.215 Total Ppt)
R-Sq 1.90% 2.70%
Equation F = 0.33 P = 0.575 F = 0.47 P = 0.500
Const. Coefficient Const. Coefficient
Skip -73.3 1 -53.6 0.643
P-Value 0.007 0.013 0.211
Equation (-73.3 + 1 Total Ppt) (-53.6 + 0.643 Total Ppt)
35.80% 9.00%
Equation F = 9.48 P = 0.007 F = 1.69 P = 0.211
6.3.2 Yellow Products
Table 58 shows the regression coefficients of the yellow waterborne paint products. 
The equations on the tire region on the asphalt and cement concrete surfaces have no 
statistical significance as the coefficients of the variables have insignificant P-Values.
In the case of thermoplastic products in table 59 the tire region on the asphalt surface 
and the skip region on the cement concrete surface have statistically insignificant 
equations.
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Table 58 Regression Coefficient-Total Precipitation Yellow Waterborne Paint
2 Yr. Waterborne Paint
Total Ppt - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire -10.4 -0.149 -16.9 -0.0251
P-Value 0.041 0.206 0 0.756
Equation (-10.4 - 0.149 Total Ppt) (-16.9 - 0.0251 Total Ppt)
R-Sq 4.10% 0.20%
Equation F = 1.65 P = 0.206 F = 0.1 P = 0.756
Const. Coefficient Const. Coefficient
Skip -20.6 0.214 -18.7 0.266
P-Value 0 0.021 0 0.025
Equation (-20.6 + 0.214 Total Ppt) (-18.7 + 0.266 Total Ppt)
R-Sq 13.00% 12.20%
Equation F = 5.81 P = 0.021 F = 5.4 P = 0.025
Table 59 Regression Coefficient-Total Precipitation Yellow Thermo
Thermoplastic
Total Ppt - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire -11.2 -0.0771 -8.23 -0.135
P-Value 0.001 0.332 0.006 0.055
Equation (-11.2 -0.0771 Total Ppt) (-8.23 -0.135 Total Ppt)
R-Sq 1.60% 6.30%
Equation F = 0.96 P = 0.332 F = 3.82 P = 0.055
Const. Coefficient Const. Coefficient
Skip -12.8 0.112 -9.01 0.0712
P-Value 0 0.022 0 0.167
Equation (-12.8+ 0.112 Total Ppt) (-9.01 +0.0712 Total Ppt)
R-Sq 8.90% 3.30%
Equation F = 5.54 P = 0.022 F =1.96 P = 0.167
plastic
The skip region equations of the preformed thermoplastic products on the asphalt and 
cement concrete surfaces in table 60 have no statistical significance owing to
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insignificant P-Vaines of the coefficients. Similar is the case of the tire region of on the 
cement concrete surface.
Table 61 shows the regression coefficients of the durable tapes. The equations of the 
tire region on the asphalt and cement concrete surface had to be regressed again ignoring 
the constant from the equation as it had no statistical significance.
Table 60 Regression Coefficient-Total Precipitation Yellow Preformed
Preformed Thermoplastic
Total Ppt - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire -11.8 -0.205 -17 -0.022
P-Value 0.105 0.27 0.019 0.897
Equation (-11.8-0 .205 Total Ppt) (-17 - 0.022 Total Ppt)
R -Sq 10.90% 0.20%
Equation F =  1.35 P = 0.270 F = 0.02 P = 0.897
Const. Coefficient Const. Coefficient
Skip -16 0.076 -21.1 0.248
P-Value 0.044 0.692 0.01 0.194
Equation (-16 + 0.076 Total Ppt) (-21.1 +0.248 Total Ppt)
R- Sq 1.50% 14.80%
Equation F = 0.17 P = 0.692 F =1.91 P = 0.194
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Table 61 Regression Coefficient-Total Precipitation Yellow Durable
Durable Tape
Total Ppt - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire -7.5 -0.635 -16.3 -0.312
P-Value 0.575 0.063 0.277 0.387
Equation (-7.5 - 0.635 Total Ppt) (-16.3 -0.312 Total Ppt)
R-Sq 22.50% 5.40%
Equation F = 4.07 P = 0.063 F = 0.8 P = 0.387
Const. Coefficient Const. Coefficient
Skip -28.9 0.229 -6 -0.333
P-Value 0.037 0.463 0.707 0.394
Equation (-28.9 + 0.229 Total Ppt) (-6 - 0.333 Total Ppt)
R- Sq 3.90% 5.20%
Equation F = 0.57 P = 0.463 F = 0.77 P = 0.394
Tapes
Table 62 shows the regression coefficient of the yellow preformed thermoplastic 
products on the asphalt surface.
Table 62 Regression Coefficient (No Constant)-Total Precipitation Yellow
Preformed T lermoplastic
Preformed Thermoplastic
Total Ppt - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire - -0.4 - -
P-Value - 0 - -
Equation (-0.4 Total Ppt) -
Correlation -0.33
Equation F -55.79 P - 0 - -
Const. Coefficient Const. Coefficient
Skip - - - -
P-Value - - - -
Equation - -
Correlation - -
Equation - - - -
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Table 63 presents the summary of the results on performing the regression analysis by 
eliminating the constant. It is found that the tire region on the cement concrete surface 
had a higher rate of deterioration as compared to the skip region.
Table 63 Regression Coefficient (No Constant)-Total Precipitation Yellow Durable
Durable Tape
Total Ppt - Yellow Product
AS PCC
Const. Coefficient Const. Coefficient
Tire - -0.8 - -0.7
P-Value - 0 - 0
Equation (-0.8 Total Ppt) (-0.7 Total Ppt)
Correlation -0.47 -0.23
Equation F = 52.66 P = 0 F = 28.37 P = 0
Const. Coefficient Const. Coefficient
Skip - - - -0.5
P-Value - - - 0.002
Equation - (-0.5 Total Ppt)
Correlation - -0.22
Equation - - F = 14.16 P = 0.002
6.4 Initial Value + AADT/Lane
6.4.1 White Products
Table 64 presents the tabulated results of the waterborne paint with initial 
retroreflectivity and AADT/Lane as the variables. The equations obtained for the tire 
regions on the asphalt and cement concrete surfaces had to be regressed again as the 
constant had no statistical significance.
57
Table 64 Regression Coefficient-Initial Value+AADT/Lane White Waterborne
Paint
2 Yr. Waterborne Paint
initial Value+AAD'7Lane: White Product
AS PCC
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Tire -7.32 -0.0819 0.00242 4.99 -0.0831 -0.00011
P- Value 0.107 0 0.004 0.461 0 0.932
Equation (-7.32-0.0819 Initial Value+0.00242 AADT/Lane) 1.99 - 0.0831 Initial Value-0.00011 AADT/Lane)
R-Sq 83.40% 66.20%
Equation F = 115.82 P-0.000 F = 45.06 P=0.000
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Skip -21.7 0.0069 0.00056 -12 0.0033 -0.00063
P-Value 0.015 0.613 0.706 0.202 0.803 0.684
Equation (-21.7 + 0.0069 Initial Value+0.00056 AADT/Lane) (-12 + 0.0033 Initial Value-0.00063 AADT/Lane)
R-Sq 0.70% 0.80%
Equation F=0.I6 P=0.849 F=0.I9 P=0.827
In the case of the thermoplastic products in table 65 it is found that the initial 
retroreflectivity value in the skip region on the asphalt surface has no significance.
Table 65 Regression Coefficient-Initial Value+AADT/Lane White Thermoplastic
Thermoplastic
Initial Value + AADT/Lane: White Product
AS PCC
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Tire 6.01 -0.0702 -0.00124 19.4 -0.0811 -0.00315
P- Value 0.363 0 0.522 0 0 0.008
Equation (6.01 - 0.0702 Initial Value - 0.00124 AADT/Lane) (19.4 - 0.0811 Initial Value - 0.00315 AADT/Lane)
R -Sq 55.60% 81.40%
Equation F = 21.93 P = 0.000 F = 76.40 P = 0.000
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Skip -42.3 -0.0008 0.00827 -22.9 -0.054 0.00875
P- Value 0 0.964 0.002 0.033 0.015 0.005
Equation (42.3 - 0.0008 Initial Value + 0.00827 AADT/Lane) (-22.9 - 0.054 Initial Value + 0.00875 AADT/Lane)
R -S q 31.30% 23.60%
Equation F = 7.98 P = 0.001 F = 5.39 P = 0.009
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Table 66 presents the regression coefficients of the initial value and AADT/Lane as 
the variables on performing regression analysis of the white preformed thermoplastic 
materials. All the equations have statistical significance.
Table 66 Regression Coefficient-Initial Value+AADT/Lane White Preformed
Preformed Thermoplastic
Initial Value+AAD''/Lane: White Product
AS PCC
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Tire -13.2 -0.0959 0.00646 -13 -0.0775 0.00514
P-Value 0.05 0 0.003 0.013 0 0.001
Equation (■3.2 - 0.0959 Initial Value+0.10646 AADT/Lane) (-13-0.0775 Initial Value+0.00514 AADT/Lane)
R-Sq 69.50% 75.70%
Equation F=3I.95 P=0.000 F=43.5I P=0.000
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Skip -35 •0.0556 0.0134 -26.7 -0.0841 0.014
P- Value 0 0.004 0 0.044 0.001 0
Equation (-35 -0.0556 Initial Value+0.()134 AADT/Lane) (-26.7 - 0.0841 Initial Value+0.014 AADT/Lane)
R-Sq 56.10% 44.50%
Equation F= 17.90 P=0.000 F=1I.2I P=0.000
The tire region on the cement concrete surface of the white durable tapes in table 67 
had to be regressed again as the constant had no statistical significance. The AADT/Lane 
of the tire region equation on the asphalt surface had no impact on the rate of 
deterioration of the product.
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Table 67 Regression Coefficient-Initial Value+AADT/Lane White Durable Tapes
Durable Tapes
Initial Value + AAD'VLane: White Product
AS PCC
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Tire -28.4 -0.0624 0.00456 -16.3 -0.0668 0.00343
P- Value 0.096 0 0.174 0.142 0 0.092
Equation (-28.4 - 0.0624 Initial Value+0.00456 AADT/Lane) (■6.3 - 0.0668 Initial Value+0.00343 AADT/Lane)
R-Sq 56.50% 76.40%
Equation F =10.38 P=O.OOI F=25.87 P=0.000
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Skip -50.5 -0.037 0.00909 -44.1 -0.008 0.0147
P- Value 0.029 0.081 0.036 0.006 0 0
Equation (-50.5 - 0.037 Initial Value + 0.00909 AADT/Lane) (-44.1-0.008 Initial Value + 0.0147 AADT/Lane)
R-Sq 59.20% 82.60%
Equation F=4.36 P=0.031 F=37.99 P=0.000
The regression coefficients of the waterborne paint products are summarized in table 
68. It is observed that the AADT/Lane had no significance on the tire region on the 
cement concrete surface and the initial retroreflectivity value had no significance on the 
skip region.
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Table 68 Regression Coefficient (No Constant)-Initial Valne+AADT/Lane White
Waterborne Paint
2 Yr. Waterborne Paint
Initial Value + AAD'
AS
Constant Initial Value Coefficient AADT/Lane Coefficient
’/Lane: White Product
PCC
Constant Initial Value Coefficient AADT/Lane Coefficient
Tire -0.09 -0.001
P-Value 0 0 0.22
Equation (-0.09 Initial Value-0.001 AADT/Lane) (-0.08 Initial Value-0.001 AADT/Lane)
Correlation -0.26 -0.24
Equation F = 1244.77 P = 0 F = 291.1 P = 0
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Skip - 0.01
P-Value 0.197 0.004
Equation (-0.01 Initial Value-0.002 AADT/Lane)
Correlation -0.41
Equation F = 63.87 P = 0
The tabulated results of the thermoplastic products on the asphalt surface as shown in 
table 69 on the next page indicate that the AADT/Lane had no significance on the rate of 
deterioration of the white thermoplastic products on the asphalt surface.
Table 70 on the next page shows the tabulated results on performing the regression 
analysis of the white durable tapes on the cement concreter surface. It showed that the 
AADT/Lane had no significance on the rate of deterioration of the products.
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Table 69 Regression Coefficient (No Constant)-Initial Value+AADT/Lane White
Thermoplastic
Initial Value + AAD'’/Lane: White Product
AS PCC
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Tire - -0.065 -0.0002 - - -
P-Value - 0 0.885 - - -
Equation (-0.065 Initial Value - 0.0002 AADT/Lane) -
Correlation 0.49 -
Equation F = 361.03 P = 0 - -
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Skip - - - - - -
P-Value - - - - - -
Equation - -
Correlation - -
Equation - - - -
Table 70 Regression Coefficient (No Constant)-Initial Value+AADT/Lane White
Durable Tapes
Initial Value + AADT/Lane: White Product
AS PCC
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Tire - - - - -0.08 0.0009
P-Value - - - - 0 0.388
Equation - (-0.08 Initial Value + 0.0009 AADT/Lane)
Correlation - -0.17
Equation - - F = 171.96 P = 0
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Skip - - - - - -
P-Value - - - - - -
Equation - -
Correlation - -
Equation - - - -
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6.4.2 Yellow Products
The regression coefficients of the yellow waterborne paint products on the skip region 
on the asphalt and cement concrete surface in table 71 show that the initial 
retroreflectivity value and the AADT/Lane have no impact on the rate of deterioration. 
The equations on the tire region show that the products deteriorate faster on the cement 
concrete surface as compared to the asphalt surface.
Table 71 Regression Coefficient-Initial Value+AADT/Lane Yellow Waterborne 
Paint
2Yr. Waterborne Paint
Initial Value+AADT/Lane: Yellow Product
AS PCC
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Tire -6.28 -0.00896 0.0024 -9.34 -0.06 0.00182
P-Value 0.002 0 0 0 0 0
Equation (-6.28 - 0.00896 Wtial Value+C.0024 AADT/Lane) (-9.34-0.06 Initial Value+0.013182 AADT/Lane)
R-Sq 88.00% 81.60%
Equation F=22.41 P = 0.000 F=66.12 P=0.000
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Skip ■17.1 0.0148 0.000553 -4.27 -0.0131 0
P-Value 0.001 0.341 0.548 0.634 0.565 0.999
Equation (-17.1+ 0.0148 Initial Value+0.(100553 AADT/Lane) (-4.27 - 0.0131 Initial Value+0 AADT/Lane)
R-Sq 3.30% 1.10%
Equation F=0.65 P=0.526 F=0.21 P=0.815
Table 72 shows the regression coefficients of the yellow thermoplastic products. The 
equations for the tire region on the asphalt surface and the skip region on the cement 
concrete surface had to be regressed again as the constant in the equation held no
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statistical significance. The tire region analysis on the cement concrete surface showed 
that the AADT/Lane had no significance on the rate of deterioration of the products.
Table 72 Regression Coefficient-Initial Value+AADT/Lane Yellow Thermoplastic
Thermoplastic
Initial Value+ AADT/Lane: Yellow Product
AS PCC
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Tire 1.25 0.000857 5.78 -0.0795
P- Value 0.632 0 0.209 0.005 0 0.209
Equation (1.25 -0.0836 Initial Value+0.000857 AADT/Lane) (5.78 - 0.0795 Initial Value - 0.000612 AADT/Lane)
R -S q 75% 83.60%
Equation F =83.98 P=0.i F =142.47 P=
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Skip -13 -0.0175 0.00244 -4.09 -0.0256 0.000993
P- Value 0.014 0.002 0.224 0.007 0.223
Equation (-13 - 0.0175 Initial Value + 0.00244 AADT/Lane) ,09 -0.0256 Initial Value+0.000993 AADT/Lane)
R -S q 19.40% 13.40%
Equation F =6.74 P = 0.002 F =4.33 P = 0.018
Tables 73 and 74 on the next page summarize the regression analysis of the 
preformed thermoplastie and durable tape products respectively. The tire region on the 
asphalt and cement concrete surfaee and the skip region on the cement eoncrete surfaee 
for the preformed thermoplastie produets had to be regressed again ignoring the constant 
as it had no statistical significance. Similarly, in the ease of durable tapes in table 74 the 
products installed on the asphalt surface, their tire and the skip region analysis yielded no 
statistical sound equations and so had to be regressed again.
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Table 73 Regression Coefficient-Initial Value+AADT/Lane Yellow Preformed
Preformed Thermoplastic
Initial Value+ AADT/Lane: Yellow Product
AS PCC
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Tire 5.63 -0.0933 -0.00115 -2.98 -0.0863 0.00136
P- Value 0.236 0 0.436 0.562 0 0.379
Equation (-17.6 - 0.0933 Initial Value - 0.00115 AADT/Lane) (-2.98 - 0.0863 Initial Value + 0.00136 AADT/Lane)
R -S q 88.00% 81.60%
Equation F =36.56 P = 0.000 F =22.23 P = 0.000
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Skip -17.6 -0.0862 0.00781 -11 -0.0896 0.00576
P- Value 0.055 0.003 0.029 0.297 0,012 0.064
Equation (-17.6 - 0.0862 Initial Value+0.00781 AADT/Lane) (-11 - 0.0896 Initial Value+0.00576 AADT/Lane)
R -Sq 59.20% 53.10%
Equation F =7.27 P =0.011 F =5.66 P = 0.023
Table 74 Regression Coefficient-Initial Value+AADT/Lane Yellow Durable Tapes
Durable Tapes
Initial Value+AADT/Lane: Yellow Product
AS PCC
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Tire -18.4 -0.0624 0.00306 -8.46 -0.0679 0.00212
P- Value 0.117 0 0.257 0.09 0 0.071
Equation (-18.4 - 0.0624 Initial Value+0.00306 AADT/Lane) (-8.46 - 0.0679 Initial Value+0.00212 AADT/Lane)
R-Sq 70.70% 94%
Equation F =15.69 P=0.000 F= 119.24 P=0.000
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Skip -14.7 -0.0458 0.00348 -17.1 -0.0701 0.00689
P-Value 0.245 0.002 0.23 0.04 0 0.002
Equation (- 4.7-0.0458 Initial Value+0.00348 AADT/Lane) (-17.1 - 0.0701 Initial Value + 0.00689 AADT/Lane)
R-Sq 53.70% 88.30%
Equation F=7.55 0.007 F = 49.05 P=0.000
Tables 75, 76, 77 and 78 show the regression coefficients on performing the 
regression analysis of the yellow products. Table 75 shows that the AADT/Lane on the 
tire region on the cement concrete surface had no statistical significance owing to its
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insignificant P-Values. Similarly, in the case of thermoplastic products in table 76, the 
AADT/Lane has no significant impact on the rate of deterioration of the products. This 
may be practically viable as the tires have less or no effect on the skip region.
Table 75 Regression Coefficient (No Constant)-Initial Value+AADT/Lane Yellow 
Waterborne Paint
2Yr. Waterborne Paint
Initial Value + AADT/Lane: Yellow Product
AS PCC
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Tire - - - - -0.07 0.0002
P-Value - - - - 0 0.585
Equation - (-0.07 Initial Value + 0.0002 AADT/Lane)
Correlation - -0.14
Equation - - F = 1369.76 P = 0
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Skip - - - - - -
P-Value - - - - - -
Equation - -
Correlation - -
Equation - - - -
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Table 76 Regression Coefficient (No Constant)-Initial Value+AADT/Lane Yellow
Thermoplastic_________________________ ___________________________________
Thermoplastic
Initial Value + AADT/Lane: Yellow Product
AS PCC
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Tire -0.08 0.0011
P-Value 0 0.005
Equation (-0.08 Initial Value + 0.0011 AADT/Lane)
Correlation 0.19
Equation F = 476.33 P = 0
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Skip -0.03 - 0.0002
P-Value 0 0.668
Equation (-0.03 Initial Value - 0.0002 AADT/Lane)
Correlation 0.12
Equation F = 52.33 P = 0
In the case of preformed thermoplastic products and durable tape products the in table 
77 and 78 respectively the AADT/Lane has no statistical significance. The skip region on 
the cement concrete surface for the preformed thermoplastic products showed neither the 
initial retroreflectivity value of the products nor the AADT/Lane had any significance on 
the rate of deterioration of the products.
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Table 77 Regression Coefficient (no constant)-Initial Value+AADT/Lane Yellow
Preformed Thermoplastic
Initial Value + AADT/Lane: Yellow  Product
AS PCC
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Tire - -0.09 -0.0007 - -0.07 -0.0004
P-Value - 0 0.365 - 0 0.643
Equation (-0.09 Initial Value - 0.0007 AADT/Lane) (-0.07 Initial Value - 0.0004 AADT/Lane)
Correlation 0.38 0.28
Equation F = 205.27 P = 0 F = 151.05 P = 0
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Skip - - - - -0.05 -0.0002
P-Value - - - - 0.162 0.903
Equation - (-0.05 Initial Value - 0.0002 AADT/Lane)
Correlation - 0.23
Equation - - F = 15.55 P = 0.001
Table 78 Regression Coefficient (no constant)-Initial Value+AADT/Lane Yellow
Durable Tapes
Initial Value + AADT/Lane: Yellow Product
AS PCC
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Tire - -0.06 -0.001 - - -
P-Value - 0 0.188 - - -
Equation (-0.06 Initial Value-0.001AADT/Lane) -
Correlation 0.25 -
Equation F = 87.3 P = 0 - -
Constant Initial Value Coefficient AADT/Lane Coefficient Constant Initial Value Coefficient AADT/Lane Coefficient
Skip - -0.05 0.0006 - - -
P-Value - 0 0.619 - - -
Equation (-0.05 Initial Value + 0.0006 AADT/Lane) -
Correlation 0.2 -
Equation F=29.7 P = 0 - -
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6.5 AADT/Lane + Total Precipitation
6.5.1 White Products
In table 79 it is observed that the AADT/Lane has no statistical significance on the 
skip region on the asphalt and cement concrete surface. The tire region equation on the 
cement concrete surface shows that the variables in the equation have no significance 
owing to their insignificant P-Values.
The regression analysis on the tire regions on the asphalt and cement concrete surface 
had to be performed again. Similar was the case for the skip region on the cement 
concrete surface for the thermoplastic products in table 80.
Table 79 Regression Coefficient-AADT/Lane+Total Ppt White Waterborne Paint
2 Yr. Waterborne Paint
AADT/Lane+TotaPpt: White Product
AS PCC
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Tire -55.8 0.00535 0.102 -43.4 0.00294 0.146
P-Value 0 0.003 0.605 0.002 0.168 0.542
Equation (-55.8+0.00535 AADT/Lane + 0.102 Total Ppt) (-43.4 - 0.00294 AADT/Lane+0.146 Total Ppt)
R-Sq 17.50% 4.60%
Equation F=4.87 P = 0.012 F=l.ll P=0.339
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Skip -41.5 0.00075 0.521 -26.3 -0.00052 0.363
P-Value 0 0.556 0.001 0.003 0.694 0.019
Equation (-41.5 + 0.0075 AADT/Lane+0.521Total Ppt) (-26.3 - 0.00052 AADT/Lane+0.363 Total Ppt)
R-Sq 22.40% 12.00%
Equation F=6.63 P=0.003 F= 3.12 P=0.054
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Table 80 Regression Coefficient-AADT/Lane+Total Ppt White Thermoplastic
Thermoplastic
AADT/Lane+TotaPpt: White Product
AS PCC
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Tire il -0.0191 0.724 -11.3 0.00078 -0.444
P-Value 0.602 0.038 0.149 0.369 0.929 0.358
Equation (6.7-0.0191 AADT/Lane+0.724 Total Ppt) (-11.3 + 0.00078 AADT/Lane - 0.444 Total Ppt)
R-Sq 23.60% 25.30%
Equation F=5.41 P=0.009 F=5,92 P=0.006
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Skip -36 0.00276 0.311 -9.4 -0.0157 1.2
P-Value 0.005 0.742 0.504 0.552 0.159 0.054
Equation (-36+0.00276 AADT/Lane+0.311 Total Ppt) (-9.4-0.0157 AADT/Lane+1.2 Total Ppt)
R-Sq 32.20% 18.60%
Equation F=8.31 P=0.001 F=4.01 P=0.027
Tables 81 and 82 present the regression eoefficients of the preformed thermoplastic 
and durable tape products respectively. The tire and the skip region of the preformed 
thermoplastic products on the cement concrete surface had no statistical significance. In 
the case of durable tape products the equations obtained for the tire regions on the asphalt 
and cement concrete surfaces held no statistical significance. The AADT/Lane on the 
skip region on the asphalt surface in table 82 and the total precipitation on the skip region 
on the cement conerete surface had insignificant P-Values.
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Table 81 Regression Coefficient-AADT/Lane+Total Ppt White Preformed
Preformed Thermoplastic
AADT/Lane+TotaPpt: White Product
AS PCC
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Tire -32.5 0.00809 -0.727 -27.5 0.00389 -0.266
P-Value 0.004 0.087 0.018 0.008 0.369 0.332
Equation (-32.5 + 0.00809 AADT/Lane - 0.727 Total Ppt) (-27.5 + 0.00389 AADT/Lane - 0.266 Total Ppt)
R-Sq 18.80% 3.50%
Equation F=3.24 P=0.054 F=0.51 P=0.604
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Skip -41.7 0.00813 0.143 -44.8 0.00674 0.235
P- Value 0 0.03 0.531 0.004 0.294 0.559
Equation (-41.7 + 0.00813 AADT/Lane+0.143 Total Ppt) (-44.8 + 0.00674 AADT/Lane+0.235 Total Ppt)
R-Sq 41.90% 18.50%
Equation F =10.09 P=0.001 F=3.18 P=0.057
Table 82 Regression Coefficient-AADT/Lane+Total Ppt White Durable Tapes
Durable Tapes
AADT/Lane+TolaPpt: White Product
AS PCC
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Tire -59 0.00695 -0.499 -61.6 0.00561 -0.006
P- Value 0.01 0.197 0.269 0.001 0.188 0.986
Equation (-59+0.00695 AADT/Lane - 0.499 Total Ppt) (-61.6 + 0.00561 AADT/Lane - 0.006 Total Ppt)
R-Sq 11.90% 13.00%
Equation F = 1.08 P=0.364 F=I.I9 P=0.329
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Skip -85.3 0.00457 0.819 -95.3 0.0158 0.017
P- Value 0 0.307 0.04 0 0.012 0.971
Equation (-85.3 + 0.00457 AADT/Lane+0.819 Total Ppt) (-95.3 + 0.0158 AADT/Lane+0.017 Total Ppt)
R-Sq 40.00% 39.50%
Equation F = 5.53 P=0.017 F = 5.23 P=0.018
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Table 83 represents the summary of the regression coefficients for the white 
thermoplastic products ignoring the constants. It’s observed that the total precipitation 
had no significance on the rate of deterioration of the products on the tire region on the 
cement concrete surface.
Table 83 Regression Coefficient (No Constant)-AADT/Lane+Total Ppt White 
Thermoplastic___________________________________ _____________________ _
Thermoplastic
AADT/Lane + Total Ppt: White Product
AS PCC
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Tire -0.014 0.52 -0.006 -0.1003
P-Value 0 0.08g 0.074 0.732
Equation (-0.014 AADT/Lane + 0.52 Total Ppt) (-0.006 AADT/Lane - 0.1003 Total Ppt)
Correlation 0.96 0.96
Equation F = 205.84 P = 0 F =164 .2 P = 0
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Skip - 0.02 1.5
P-Value 0 0
Equation (-0.02 AADT/Lane + 1.5 Total Ppt)
Correlation 0.96
Equation F = 36.68 P = 0
6.5.2 Yellow Products
The summary of the regression analysis results for the yellow products are tabulated 
in tables 84, 85, 86 and 87. The tire region of the waterborne paint products on the 
asphalt surface in table 84 show that the variables had no statistical significance on the 
rate of deterioration. In case of the skip regions, it is observed that the AADT/Lane had 
no significance in the rate of deterioration of the paint products.
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Table 84 Regression Coefficient-AADT/Lane+Total Ppt Yellow Waterborne Paint
2 Yr. Waterborne Paint
AADT/Lane+TotaPpt: Yellow Product
AS PCC
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Tire -14.1 0.00109 -0.16 -24.9 0.0024 -0.0495
P-Value 0.029 0.337 . 0.177 0 0.001 0.491
Equation (-14.1 + 0.00109 AADT/Lane-0.16 Total Ppt) (-24.9 + 0.0024 AADT/Lane - 0.0495 Total Ppt)
R-Sq 6.40% 24.60%
Equation F=1.30 P=0.284 F=6.20 P = 0.005
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Skip -21.8 0.000361 0.21 -18.9 0.00007 0.266
P-Value 0 0.679 0.025 0.004 0.947 0.029
Equation (-21.8 + 0.000361 AADT/Lane+0.21 Total Ppt) (-18.9 + 0.00007 AADT/Lane+0.266 Total Ppt)
R-Sq 13.40% 12.20%
Equation F=2.93 P=0.066 F=2.63 P=0.085
Table 85 shows the regression coefficients of the thermoplastic products. The tire and 
the skip region equations had no statistical significance owing the insignificant P-Values 
of its variables.
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Table 85 Regression Coefficient-AADT/Lane+Total PPt Yellow Thermoplastic
Thermoplastic
AADT/Lane + Total Ppt: Yellow Product
AS PCC
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Tire -12.3 0.00067 - 0.111 -11.3 0.00197 -0.232
P- Value 0.015 0.767 0.425 0.01 0.321 0.056
Equation (-12.3+0.00067 AADT/Lane - 0.111 Total Ppt) (-11.3 + 0.00197 AADT/Lane - 0.232 Total Ppt)
R-Sq 7.90%
Equation F=0.51 P = 0.601 F =2.41 P = 0.099
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Skip -15 0.00138 0.0437 -7.87 -0.00074
P- Value 0.313 0.598 0.015 0.616 0.229
Equation (-15 + 0.00138 AADT/Lane + 0.0437 Total Ppt) [-7.87 - 0.00074 AADT/Lane+0.108 Total Ppt)
R -Sq 10.50% 3.80%
Equation F =3.29 P = 0.045 F = 1.10 P = 0.341
Tables 86 and 87 show the summary of the regression coefficients of the preformed 
thermoplastic and durable tape products respectively. Regression analysis for the tire and 
the skip region on the cement concrete surface for the preformed thermoplastic products 
had to be performed again. In the case of the durable tapes regression analysis for the tire 
and the skip regions on the asphalt and cement concrete surfaces had to be performed 
again.
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Table 86 Regression Coefficient-AADT/Lane+Total Ppt Yellow Preformed
Preformed Thermoplastic
AADT/Lane + Total Ppt: Yellow Product
AS PCC
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Tire 44.8 -0.0384 1.75 22.9 -0.0271 1.36
P- Value 0.059 0.019 0.035 0.331 0.096 0.107
Equation (44.8 - 0.0384 AADT/Lane +1.75 Total Ppt) (22.9-0.0271 AADT/Lane+1.36 Total Ppt)
R -S q 49.80% 25.30%
Equation F =4.96 P = 0.032 F=1.69 P = 0.233
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Skip 10.7 -0.0181 1 13.6 -0.0236 1.45
P- Value 0.712 0.352 0.325 0.612 0.198 0.134
Equation (10.7-0.0181AADT/Lane+lTotalPpt) (13.6 - 0.0236 AADT/Lane +1.45 Total Ppt)
R -S q 0.00% 28.40%
Equation F =0.56 P = 0.589 F = 1.98 P=0.188
Table 87 Regression Coefficient-AADT/Lane+Total Ppt Yellow Durable Tapes
Durable Tapes
AADT/Lane+ Total Ppt: Yellow Product
AS PCC
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Tire -15.5 0.00267 -0.715 -14.8 -0.0005 -0.297
P- Value 0.418 0.545 0.06 0.491 0.919 0.46
Equation (-15.5 + 0.00267 AADT/Lane - 0.715 Total Ppt) (-14.8 - 0.0005 AADT/Lane - 0.297 Total Ppt)
R -S q 24.80% 5.50%
Equation F = 2.14 P=0.157 F = 0.38 P = 0.694
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Skip -29.9 0.00033 0.219 -20.4 0.00477 -0.477
P- Value 0.124 0.939 0.53 0.37 0.365 0.266
Equation (-29.9 + 0.00033 AADT/Lane + 0.219 Total Ppt) (-20.4 + 0.00477 AADT/Lane - 0.477 Total Ppt)
R -S q 4.00% 11.20%
Equation F =0.27 P = 0.769 F =0.82 P = 0,461
Tables 88 and 89 show the regression analysis results of the preformed thermoplastic 
and durable tapes respectively. Almost, all the results have no statistical significance.
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Table 88 Regression Coefficient (No Constant)-AADT/Lane+Total Ppt Yellow
Preformed Thermoplastic
AADT/Lane + Total Ppt; Yellow  Product
AS PCC
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Tire - - - - 0.176 -14.66
P-Value - - - - 0.286 0.274
Equation - (0.176 AADT/Lane -14 .66  Total Ppt)
Correlation - 0.98
Equation - - F =39 .77 P = 0
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Skip - 0.12 -10.15 - 0.3 -24.57
P-Value - 0.564 0.553 - 0.133 0.129
Equation (0.12 AADT/Lane -10 .15  Total Ppt) (0.3 AADT/Lane-24.57 Total Ppt)
Correlation 0.98 0.98
Equation F =13 .29 P = 0.001 F = 16.26 P = 0.001
Table 89 Regression Coefficient (No Constant)-AADT/Lane+Total PPt Yellow
Durable Tapes
AADT/Lane + Total Ppt: Yellow Product
AS PCC
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Tire - 0.001 -0.9 - -0.001 -0.53
P-Value - 0.743 0.031 - 0.733 0.254
Equation (0.001 AADT/Lane - 0.9 Total Ppt) (-0.001 AADT/Lane-0.53 Total Ppt)
Correlation 0.37 0.37
Equation F = 24.83 P = 0 F = 13.42 P = 0.001
Constant AADT/Lane Coefficient Total Ppt Constant AADT/Lane Coefficient Total Ppt
Skip - ■0.004 -0.06 - 0.003 -0.75
P-Value - 0.371 0.886 - 0.505 0.103
Equation (-0.004 AADT/Lane-0.06 Total Ppt) (0.003 AADT/Lane-0.75 Total Ppt)
Correlation 0.37 0.37
Equation F = 6.53 P = 0.01 F = 7.06 P = 0.008
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6.6 Summer High + Winter Low
6.6.1 White Products
Table 90 shows the tabulated results of the combination of summer high and winter 
low temperatures used as variables. The rate of deterioration of the slope is not affected 
by this combination for the tire region on the cement concrete surface and the skip region 
on the asphalt surface. The skip region equation on the cement concrete surface had to he 
regressed again as the constant in the equation held so statistical significance.
The regression coefficients for the thermoplastic products are shown in table 91. The 
tire and the skip region equations for the products installed on the asphalt surface had to 
be regressed again ignoring the constant from the equation.
Table 90 Regression Coefficient-Summer High+Winter Low White Waterborne 
Paint
2 Yr. Waterborne Paint
Summer High (SH)+Winter Low (WL): White Product
AS PCC
Constant Summer High Winter Low Constant Summer High Winter Low
Tire -235 2.66 -0.735 -128 1.32 -0.303
P- Value 0 0 0.006 0.063 0.141 0.356
Equation (-235 +2.66 SH-0.735 WL) (-128+ 1.32 SH-0.303 WL)
R-Sq 24.30% 5.00%
Equation F=7.36 P=0.002 F = 1.2 P=0.309
Constant Summer High Winter Low Constant Summer High Winter Low
Skip -84.5 0.76 0.234 -1.4 -0.237 0.37!
P- Value 0.038 0.148 0.225 0.974 0.673 0.078
Equation (-84.5 +0.76 SH +0.234 WL) (-1.4-0.237 SH + 0.:171 WL)
R-Sq 27.10% 11.30%
Equation F=8.56 P=0.001 F = 2.92 P=0.064
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Table 91 Regression Coefficient-Summer High+Winter Low White Thermoplastic
Thermoplastic
Slimmer High (SH)+ Winter Low (WL): White Product
AS PCC
Constant Summer High Winter Low Constant Summer High Winter Low
Tire 27.6 ■0.593 -0.341 -77.9 0.822 -0.757
P- Value 0.549 0.322 0.173 0.161 0.003
Equation (27.6 - 0.593 SH-0.341 WL) (-77.9+0.822 SH-0.757 WL)
R-Sq 23.60% 25.30%
Equation F=5.41 P=0.i F=5.92 P=0.006
Constant Summer High Winter Low Constant Summer High Winter Low
Skip 26.7 ■0.713 0.821 ■1.66
P-Value 0.537 0.206 0.001 0.073 0.029
Equation (26.7-0.713 SH +0.821 WL) (104- 1.66 SH+0.848 WL)
R-Sq 32.20% 18.60%
Equation F=8.31 P=0.001 F=4.0 P=0.027
Tables 92 and 93 exhibit the regression coefficients of the preformed thermoplastic 
and durable tapes. The skip region equations for the preformed thermoplastic products 
installed on asphalt and cement concrete surfaces showed that the products deteriorate 
faster on the cement concrete surface than on the asphalt surface. The equations for the 
tire region analysis had to be regressed again ignoring the constant from the equation.
The tabulated results of the durable tapes in table 93 held no statistical significance 
and had to be regressed again ignoring the constant.
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Table 92 Regression Coefficient-Summer High+Winter Low White Preformed
Preformed Thermoplastic
Summer High (SH) + Winter Low (WL): White Product
AS PCC
Constant Summer High Winter Low Constant Summer High Winter Low
Tire 83.5 -1.23 -0.482 86.6 -1.3 -0.024
P- Value 0.282 0.205 0.146 0.243 0.163 0.939
Equation (83.5- 1.23 S H -0.482 WL) (86.6-1.3 S H -0.024 WL)
R -Sq 28.80% 12.10%
Equation F =5.66 P = 0.009 F =1.94 P = 0.163
Constant Summer High Winter Low Constant Summer High Winter Low
Skip 146 -2.06 0.939 330 -4.37 1.26
P- Value 0.052 0.029 0.005 0.004 0.002 0.008
Equation (146-2.06 SH + 0.939 WL) (330-4.37 SH+1.26W L)
R -S q 25.50% 30.10%
Equation F =4.80 P = 0.016 F = 6.03 P = 0.007
Table 93 Regression Coefficient-Summer High+Winter Low White Durable Tapes
Durable Tapes
Summer High (SH)+ Winter Low (WL): White Product
AS PCC
Constant Summer High Winter Low Constant Summer High Winter Low
Tire 249 -3.59 0.278 217 -3.2 0.718
P- Value 0.23 0.172 0.727 0.216 0.151 0.292
Equation (249-3.59 SH + 0.278 WL) (217-3.2 SH + 0.718 WL)
R -S q 22.70% 13.00%
Equation F =2.34 P = 0.128 F=1.20 P = 0.327
Constant Summer High Winter Low Constant Summer High Winter Low
Skip 303 -4.45 1.88 256 -3.59 0.89
P- Value 0.142 0.09 0.026 0.386 0.335 0.439
Equation (303-4.45 SH + 1.88 WL) (256 - 3.59 SH + 0.119 WL)
R -S q 28.2 5.90%
Equation F = 3.14 P=0.017 F =0.50 P = 0.617
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Table 94 shows the regression coefficients of the summer high and winter low 
temperatures used as variables in determining the rate of deterioration of the waterborne 
paint products installed on the cement concrete surface.
Table 94 Regression Coefficient (No Constant)-Summer High+Winter Low White 
Waterborne Paint
2 Yr. Waterborne Paint
Summer High (SH) + Winter Low (WL): White Product
AS PCC
Constant Summer High Winter Low Constant Summer High Winter Low
Tire - - - - - -
P-Value - - - - - -
Equation - -
Correlation - -
Equation - - - -
Constant Summer High Winter Low Constant Summer High Winter Low
Skip - - - - -0.25 0.48
P-Value - - - - 0 0.008
Equation - (-0.25 Summer High + 0.48 Winter Low)
Correlation - 0.78
Equation - - F -  77.69 P = 0
The regression coefficients of the thermoplastic products on the asphalt surface are 
tabulated in table 95on the next page. Based on the coefficients obtained in the equations 
it was found that the tire region had a higher deterioration than the corresponding skip 
region on the asphalt surface.
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Table 95 Regression Coefficient (No Constant)-Snmmer High+Winter Low White
Thermoplastic
Summer High (SH) + Winter Low (WL): White Product
AS PCC
Constant Summer High Winter Low Constant Summer High Winter Low
Tire - -0.23 -0.44 - - -
P-Value - 0 0.02
Equation (-0.23 Summer High - 0.44 Winter Low) -
Correlation 0.73 -
Equation F = 205.28 P = 0 - -
Constant Summer High Winter Low Constant Summer High Winter Low
Skip - -0.4 0.7 - - -
P-Value - 0 0
Equation (-0.4 Summer High + 0.7 Winter Low) -
Correlation 0.73 -
Equation F = 52.78 P = 0 -
The regression analysis results obtained for the white preformed thermoplastic 
products after excluding the constant from the equation are tabulated in table 96. It’s 
observed that the winter low temperatures on the concrete surface have no significance as 
the coefficient has an insignificant P-Value.
Table 96 Regression Coefficient (No Constant)-Snmmer High+Winter Low White
Preformed Therm oplastic
Summ er H igh (SH ) + W inter Low (W L): W hite Product
AS PCC
Constant Summer H igh W inter Low Constant Summer High Winter Low
Tire - -0 .19 -0 .69 - -0.22 -0.24
P-V alue - 0.011 0.012 - 0.003 0.329
Equation (-0 .19  Summer High - 0 .69  W inter Low) (-0 .22  Sum m er High -0 .24  W inter Low)
Correlation 0.65 0.65
Equation F = 83.07 P =  0 F = 52 P = 0
Constant Summer H igh W inter Low Constant Summer High W inter Low
Skip - - - - - -
P-V alue
Equation - -
Correlation - -
Equation 1 ..............L..... ............
8 1
The regression coefficients for the durable tapes in table 97 show that the winter low 
temperatures had no significance in the rate of deterioration of the products on the tire 
region of the asphalt and the cement concrete surface and the skip region on the concrete 
surface. For the tire region it is unclear to determine the influence of the temperatures as 
it’s the region more affected by the tires of the on moving vehicles.
Table 97 Regression Coefficient (No Constant)-Summer High+Winter Low White
Durable Tapes
Summer High (SH) + Winter Low (WL): White Product
AS PCC
Constant Summer High Winter Low Constant Summer High Winter Low
Tire - -0.46 -0.53 - -0.46 0.02
P-Value - 0.001 0.253 - 0 0.966
Equation (-0.46 Summer High - 0.53 Winter Low) (-0.46 Summer High + 0.02 Winter Low)
Correlation 0.84 0.84
Equation F = 49.13 P = 0 F = 42.53 P = 0
Constant Summer High Winter Low Constant Summer High Winter Low
Skip - -0.64 0.9 - -0.37 0.06
P-Value - 0 0.061 - 0.041 0.921
Equation (-0.64 Summer High + 0.9 Winter Low) (-0.37 Summer High + 0.06 Winter Low)
Correlation 0.84 0.84
Equation F = 28.25 P = 0 F = 9.16 P = 0.002
6.6.2 Yellow Products
Tables 98, 99, 100 and 101 on the following pages exhibit the regression coefficients 
of the yellow products using summer high and winter low temperatures as the variables. 
Results showed that the tire region on the asphalt surface and the skip region on the
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concrete surface for the waterhome paints, table 98 had to be regressed again ignoring the 
constant from the equation. The skip region equation held no statistical significance for 
the waterhome paint on the asphalt surface as the variables had insignificant P-Values.
Table 98 Regression Coefficient-Summer High+Winter Low Yellow Waterborne 
Paint
2Yr. Waterborne Paint
Summer High (SH)+Winter Low (WL): Yellow Product
AS PCC
Constant Summer High Winter Low Constant Summer High Winter Low
Tire -48.3 0.457 -0.278 -0.315
P-Value 0.151 0.301 1.119
Equation (48.3 + 0.457 SH-0.278 WL) (-80.6 + 0.844 SH-0.315WL)
R-Sq
Equation F=1.36 P = 0.270 F=4.99 P=0.012
Constant Summer High Winter Low Constant Summer High Winter Low
Skip 46.9 0.406 38.7 -0.657 0.367
P-Value 0.219 0.528 0.254 1.145 0.045
Equation (46.9 + 0.406 SH+0.083 WL) (38.7-0.657 SH +0.367 WL)
R-Sq
Equation F=4.61 P=0.016 F = 2.20 ’=0.124
The regression analysis of the thermoplastic products is summarized in table 99on the 
next page. The tire region on the cement concrete surface and the skip region on the 
asphalt surface had to be regressed again ignoring the constant from the equation. The 
winter low temperatures held no statistical significance in the in the rate of deterioration 
of the products on the tire region on the asphalt surface.
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Table 99 Regression Coefficient-Summer High+Winter Low Yellow
Thermoplastic
Summer High (SH) + Winter Low (WL): Yellow Product
AS PCC
Constant Summer High Winter Low Constant Summer High Winter Low
Tire 74.9 -1.07 0.026 -10.8 0.029 -0.228
P- Value 0.006 0.003 0.848 0.679 0.931 0.09
Equation (74.9- 1.07 SH +0.026 WL) (-10.8 + 0.029 SH-0.228 WL)
R-Sq 25% 9.10%
Equation F = 9.24 P=0.000 F = 2.79 P=0.070
Constant Summer High Winter Low Constant Summer High Winter Low
Skip 24.7 -0.451 0.213 37.4 -0.571 0.194
P- Value 0.18 0.058 0.025 0.051 0,021 0.047
Equation (24.7-0.451 SH +0.213 WL) (37.4-0.571 SH + 0.194 WL)
R-Sq 8,90% 9.50%
Equation F=2.73 P=0.074 F = 2.92 P=0.062
The regression analysis for the preformed thermoplastic products yielded no 
statistical significance except for the tire region on the asphalt surface, table 100. 
Similarly for the durable tapes in table 101 on the next page, the regression analysis had 
to be performed once again ignoring the constant from the equation.
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Table 100 Regression Coefficient-Summer High+Winter Low Yellow Preformed
Preformed Thermoplastic
Summer High (SH)+Winter Low (WL): Yellow Product
AS PCC
Constant Summer High Winter Low Constant Summer High Winter Low
Tire 134 -1.76 -0.138 105 -1.48 0.13
P- Value 0.072 0,057 0.524 0.169 0.123 0.663
Equation (134- 1.76 SH-0.138 WL) (105- 1.48 SH 0.13 WL)
R-Sq 49.80% 25.30%
Equation F=4.96 P=0.032 F=1.69 P=0.233
Constant Summer High Winter Low Constant Summer High Winter Low
Skip 80.1 -1.16 0.257 127 -1.8 0.61
P- Value 0.391 0.316 0.501 0.152 0.107 0.102
Equation (80.1-1.16 SH +0.257 WL) (127-1.8 SH +0.61 WL)
R-Sq 10.00% 28.40%
Equation F=0.56 P=0.589 F=L98 P=0.188
Table 101 Regression Coefficient-Summer High+Winter Low Yellow Durable
Durable Tapes
Summer High (SH) + Winter Low (WL): Yellow Product
AS PCC
Constant Summer High Winter Low Constant Summer High Winter Low
Tire -110 1.17 -1 -205 2.29 -0.829
P- Value 0.533 0.601 0.17 0.301 0.359 0.298
Equation (-110+1.17 SH- IWL) (-205 +2.29 SH-0.829 WL)
R-Sq 24.50% 8%
Equation F=2.ll P=0.161 F=0.59 P=0.570
Constant Summer High Winter Low Constant Summer High Winter Low
Skip -40 0.2 0.177 -160 1.9 -0.934
P- Value 0.815 0.928 0.798 0.445 0.474 0.274
Equation (-40+0.2 SH + 0.177 WL) (-160+1.9SH-0.934WL)
R-Sq 3.60% 10,70%
Equation F=0.24 P=0.790 F=0.78 P=0.479
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Tables 102, 103, 104 and 105 have the tabulated results of the regression coefficients 
obtained on performing regression analysis without the constant in the equation. The 
results obtained for the waterhome paint products in table 102 show that the winter low 
temperatures have no statistieal significance.
Table 102 Regression Coefficient (No Constant)-Sumnier High+Winter Low 
Yellow Waterborne Paint
2Yr. Waterborne Paint
Summer High (SH) + Winter Low (WL): Yellow Product
AS
Constant Summer High Winter Low
PCC
Constant Summer High Winter Low
Tire -0.25 0.18
P-Value 0 0.186
Equation (-0.25 Summer High + 0.18 Winter Low)
Correlation 0.9
Equation F = 191.55 P = 0
Constant Summer High Winter Low Constant Summer High Winter Low
Skip -0.05 -0.14
P-Value 0.217 0.32
Equation (-0.05 Summer High - 0.14 Winter Low)
Correlation 0.8
Equation F = 39.47 P = 0
Table 103 and 104 show the regression coefficients on the yellow thermoplastic and 
preformed thermoplastic products. The equations obtained for the tire region on the 
cement concrete surface and the skip region on the asphalt surface are statistically 
significant. The results obtained for the preformed thermoplastic products in table 104 
indicate that the summer high temperatures have no effect on the rate of deterioration of 
the products.
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Table 103 Regression Coefficient (No Constant)-Summer High+Winter Low
Thermoplastic
Summer High (SH) + Winter Low (WL): Yellow Product
AS PCC
Constant Summer High Winter Low Constant Summer High Winter Low
Tire - - - - -0.11 -0.2
P-Value - - - - 0.001 0.059
Equation - (-0.11 Summer High - 0.2 Winter Low)
Correlation - 0.71
Equation - - F = 124.85 P = 0
Constant Summer High Winter Low Constant Summer High Winter Low
Skip - -0.13 0.13 - - -
P-Value - 0 0.07 - - -
Equation (-0.13 Summer High + 0.13 Winter Low) -
Correlation 0.7 -
Equation F = 92.77 P = 0 -
Table 104 Regression Coefficient (No Constant)-Summer High+Winter Low
Preformed Thermoplastic
Summer High (SH) + Winter Low (WL): Yellow Product
AS PCC
Constant Summer High Winter Low Constant Summer High Winter Low
Tire - - - - -0.02 -0.64
P-Value - - - - 0.857 0.085
Equation - (-0.02 Summer High - 0.64 Winter Low)
Correlation - 0.61
Equation - - F = 39.77 P = 0
Constant Summer High Winter Low Constant Summer High Winter Low
Skip - -0.22 -0.46 - 0.1 -0.84
P-Value - 0.876 0.321 - 0.437 0.06
Equation (-0.22 Summer High - 0.46 Winter Low) (0.1 Summer High - 0.84 Winter Low)
Correlation 0.61 0.61
Equation F =13.29 P = 0.001 F = 16.26 P = 0.001
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The regression coefficients for the durable tape products are shown in table 105. The 
winter low temperatures have no statistical significance on the tire region on the cement 
concrete surface and the skip region on asphalt and cement concrete surface.
Table 105 Regression Coefficient (No Constant)-Summer High+Winter Low 
Yellow Durable Tape
Durable Tapes
Summer High (SH) + Winter Low (WL): Yellow Product
AS PCC
Constant Summer High Winter Low Constant Summer High Winter Low
Tire - -0.2 -0.73 - -0.3 -0.22
P-Value - 0.08 0.065 - 0.037 0.605
Equation (-0.2 Summer High - 0.73 Winter Low) (-0.3 Summer High - 0.22 Winter Low)
Correlation 0.86 0.86
Equation F = 34.34 P = 0 F = 18.71 P = 0
Constant Summer High Winter Low Constant Summer High Winter Low
Skip - -0.3 0.3 - -0.11 -0.45
P-Value - 0.012 0.469 - 0.408 0 322
Equation (-0.3 Summer High + 0.3 Winter Low) (-0.11 Summer High - 0.45 Winter Low)
Correlation 0.86 0.86
Equation F = 12.33 P = 0.001 F = 8.03 P - 0.005
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CHAPTER 7
DISCUSSION OF RESULTS
This chapter discusses the results obtained on performing the statistical analysis of 
various pavement marking materials. The results shown are entirely based on the data 
used and the methodology adopted in this research.
7.1 Results using single variables
This section of the chapter discusses the results obtained on performing the statistical 
analysis to determine the rate of deterioration of the products using single variables.
Table 106 summarizes the results on the tire region, obtained on analyzing the rate of 
deterioration using single variables such as Initial retroreflectivity of the product, 
AADT/Lane and Total precipitation of the four different products installed on the asphalt 
and cement concrete surfaces. The blank cells indicate equations which had no statistical 
significance and therefore are not included in discussion. It is observed from table 106 
that the deterioration rate using the initial retroreflectivity as the parameter is faster on the 
asphalt surface than on the cement concrete surface for the waterborne paints. 
Waterbased paint used as a permanent marking on a new sealcoat provides significantly 
lower levels of retroreflectivity than thermoplastic both initially and over time. (Gates, 
Timothy. J, et al. 2003). The thermoplastic materials have similar phenomena where, for
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a given initial retroreflectivity the rate of deterioration is faster on asphalt surface than on 
concrete surface. The coefficients of the initial retroreflectivity value in the case of 
durable tapes are the same. Results show that AADT/Lane has no significance for the 
preformed thermoplastic and durable tapes. The thermoplastic products installed on the 
asphalt surface have a coefficient of 0.09 while that on the cement concrete surface have 
0.07, mathematically indicating faster rate of deterioration on the asphalt surface as 
compared to the concrete surface. The total annual precipitation as a variable considered 
for the analysis does not differentiate the type of precipitation, whether it is in form of 
rain or snow or any other. The results obtained are solely based on the total precipitation 
occurring annually. With total precipitation as the variable the results show that the 
thermoplastic products installed on the asphalt surface, the rate of deterioration is higher 
than the cement concrete surface.
Table 106 Summary of Regression Coefficients-White Products-Tire Region 
(1 Variable)
White Products - Tire Region (1 Variable)
Waterborne Paint Thermoplastics Preformed T lermoplastics Durab e Tapes
AS PCC AS PCC AS PCC AS PCC
Initial Value
Constant ■ - 11.4 - - -
Coefficient ■ m -0,06 -0.07 -0.0883 -0.07 -0.06 -0.07 -0.07
AADT/Lane
Constant -51.3 - -
Coefficient 0.00527 -0.009 -0.007
Total Precipitation
Constant -18.5 -10.3 -19.1
Coefficient -0.299 -0.402 -0.328
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Table 107 on the next page has the summary of the results of the regression 
coefficients on the skip region of the white products with single variable used for the 
purpose of analysis. It is observed that the thermoplastic products have a higher rate of 
deterioration on the asphalt surface than the cement concrete surface for initial 
retroreflectivity values up to 450 mcd/m^/lux. For thermoplastic products having higher 
initial retroreflectivity the rate of deterioration is faster on cement concrete than asphalt. 
The AADT/Lane affects the thermoplastic products installed on the asphalt surface more 
than those on the cement concrete surface. In the case of preformed thermoplastic and 
durable tapes the rate of deterioration of the products on the cement concrete surface is 
higher than on the asphalt surface. The total precipitation has more effect on the 
waterborne paint and thermoplastic products installed on the asphalt surface than on the 
cement concrete surface. Good performance of thermoplastic on concrete can often be 
traced to a well prepared roadway surface and/or use of a more flexible thermoplastic 
material specially designed for use on concrete. (Gates, Timothy. J, et al. 2003)
Table 107 Summary of Regression Coefficients-White Produets-Skip Region
White Products - Skip Region (1 Variable)
Waterborne Paint Thermoplastics Preformed Thermoplastics Durable Tapes
AS PCC AS PCC AS K C AS PCC
Constant - - - - -
Initial Value
Coefficient 0.0333 -0.03 -0.02 -0.03 -0.05 -0.05
Constant 4 2 2 -34.3 4 2 6 -46.4 -73.8 -95.1
AADT/Lane
Coefficient 0.0082 0.00538 0.WW9 0.0096 0.0091 0.0159
Constant -38.3 j& 5 -32.4 -30.1 -28.1 -33.6 -73.3
Total Precipitation
Coefficient 0.514 0.386 0.459 0.361 0.544 0.568 1
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Tables 108 and 109 on the next page show the summary of the results obtained for the 
yellow products on the tire region and the skip region using single variables for 
determining the rate o f deterioration respectively. With initial retroreflectivity of the 
product as the variable, the preformed thermoplastics and the durable tapes show a faster 
rate of deterioration on the tire region than on the skip region. The AADT/Lane shows 
that for the thermoplastics, preformed thermoplastic and the durable tapes the tire regions 
are more affected than the corresponding skip regions. Results show that the total 
precipitation had no significant effect on the tire region of the waterborne paint on the 
asphalt and cement concrete surface. For the yellow waterborne products on the skip 
region the total precipitation affects the products more on the asphalt surface than on the 
cement concrete surface. Retroreflectivity decreases as the rainfall intensity increases. 
(Adam M. Pike, et al. 2007)
Table 108 Summary of Regression Coefflcients-Yellow Products-Tire Region
Yellow Products - Tire Region (1 Variable)
Waterborne Paint Thermoplastics Preformed T lermoplastics Durable Tapes
AS PCC AS . PCC AS PCC AS PCC
Constant - - 3.03 3.7 ■ - - -
initial Value
Coefficient -0.08 -0.06 -0.0821 -0.0799 ■0.09 •0.08 -0.07 -0.06
Constant -26.8 - - - -
AADT/Lane
Coefficient 0.00235 -0.005 -0.005 -0.007 -0.006
Constant -8.23 ■ - -
Total Precipitation
Coefficient -0.135 -0.4 -0.8 -0.7
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Table 109 Summary of Regression Coefficients-Yellow Products-Skip Region
(1 Variable)______________________________________ ______________________
Yellow Products - Skip Region ( I Variable)
W aterborne Paint
AS PCC
Thermoplastics
AS PCC
Preformed Thermoplastics
AS PCC
Durable Tapes
AS PCC
Initial Value
Constant
Coefficient
-5.61
-0.03 -0.0123 -0.05
AADT/Lane
Constant
Coefficient
-15.3
-0.004
Total Precipitation
Constant
Coefficient
-20.6
0.214
-18.7
0.266
- 12.8
0.112 -0.5
7.2 Results using two variables
The section of this chapter summarizes the results obtained on performing regression 
analysis of the white and yellow products using two variables to determine the rate of 
deterioration of the products.
From table 110 it is observed from the table that the AADT/Lane had no significant 
impact on the durable tapes on the asphalt surface. Similarly the combined variables of 
AADT/Lane and total precipitation used for analyzing the rate of deterioration on the 
waterborne paints on the asphalt surface show that the traffic had no statistical 
significance on the analysis. The combination of the summer high and winter low 
temperatures show that the thermoplastic products deteriorate faster on the cement 
concrete surface than on the asphalt surface. The winter low temperatures showed no 
significance for the preformed thermoplastic and the durable tapes.
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Table 110 Summary of Regression Coefficients-White Products-Tire Region
(2 Variables)__________________________________________________________
Waterborne Paint Thermoplastics Preformed Thermoplastics Durable Tapes
AS PCC AS PCC AS PCC AS PCC
Initial Value + AADT/Lane
Constant - 19.4 -13.2 -13 -28.4
Coefficient (Initial Value) -0.09 -0.0811 -0.0959 -0.0775 -0.0624
Coefficient (AADT/Lane) -0.001 -0.00315 0.00646 0.00514 0.00456
AADT/Lane + Total Ppt
Constant
Coefficient (AADT/Lane)
Coefficient (Total Ppt)
-55.8
0.00535
0.102
-0.014
0.52
-32.5
0.00809
-0.727
Summer High + Winter Low
Constant
Coefficient (Summer High)
Coefficient (Winter Low)
-235
2.66
-0.735
-0.23
-0.44
-77.9
0.822
-0.757
-0.19
-0.69
- 0.22
-0.24
-0.46
-0.53
-0.46
0.02
In table 111 the combination of initial retroreflectivity of the products and the 
AADT/Lane in the case of preformed thermoplastic and the durable tapes show that the 
products have a comparatively higher rate of deterioration on the asphalt surface than on 
the cement concrete surface. The traffic does not have impact on the waterborne paint 
products on the asphalt and cement concrete surface while taking the combination of the 
AADT/Lane and total precipitation as variables. The effect of the eombination of the 
summer high temperatures and the winter low temperatures on the rate of deterioration of 
the thermoplastic products is that the products on the asphalt surface deteriorate faster 
than those on the cement concrete surface. In the case of the preformed thermoplastic 
products the products have a better retroreflectivity on the asphalt than on the cement 
concrete surface.
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Table 111 Summary of Regression Coefficients-White Products-Skip Region
2 Variables)__________________________________________________________
White Products - Skip Region (2 Variables)
Waterborne Paint
AS PCC
Thermoplastics Preformed Thermoplastics Durable Tapes
AS PCC AS PCC AS PCC
Initial Value + AADT/Lane
Constant
Coefficient (Initial Value)
Coefficient (AADT/Lane)
-22.9 -26.7 -50.5 -44.1
-0.054 -0.0556 -0.037 -0.008
0.00875 0.0134 0.014 0.0147
AADT/Lane + Total Ppt
Constant
Coefficient (AADT/Lane)
Coefficient (Total Ppt)
-41.5
0.00075
0.521
-26.3
0.363
-0.02
1.5
-95.3
0.0158
0.017
Summer High + Winter Low
Constant
Coefficient (Summer High)
Coefficient (Winter Low)
-0.25 -0.4
-0.7
104
- 1.66
146
-2.06
0.939
330
-4.37
1.26
-0.64
0.9
-0.37
0.06
Tables 112 and 113 present the regression coefficients of the yellow products. From 
table 112 it is observed that the combination of initial retroreflectivity and AADT/Lane is 
good only for the waterborne paint on the asphalt and cement concrete surfaces. The 
equations show that the products have a higher rate of deterioration on the cement 
concrete surface than on the asphalt surface. The winter low temperatures have no 
statistical significance on all the four different products.
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Table 112 Summary of Regression Coefficients-Yellow Products-Tire Region
Yellow Products - Tire Region (2 Variables)
Waterborne Paint Thermoplastics Preformed Thermoplastics Durable Tapes
AS PCC AS PCC AS PCC AS PCC
Initial Value + AADT/Lane
Constant -6.28 -9.34 -8.46
Coefficient (Initial Value) -0.00896 -0.06 -0.0679
Coefficient (AADT/Lane) 0.0024 0.00182 0.00212
AADT/Lane + Total Ppt
Constant -24.9 -11.3 44.8
Coefficient (AADT/Lane) 0.0024 0.00197 -0.0384
Coefficient (Total Ppt) -0.0495 -0.232 1.75
Summer High + Winter Low
Constant - -80.6 74.9 . 134 - ■ -
Coefficient (Summer High) -0.25 0.844 -1.07 -0.11 -1.76 -0.2 -0.3
Coefficient (Winter Low) 0.18 -0.315 0.026 -0.2 -0.138 -0.73 -0.22
In table 113 the AADT/Lane had no significance on all four products. The 
combination of the summer high and winter low temperatures affect the rate of 
deterioration of the thermoplastic products on the cement concrete surface more than on 
the asphalt surface.
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Table 113 Summary of Regression Coefficients-Yellow Products-Skip Region
Yellow Products-Skip Region 12 Variables)
Waterborne Paint Thermoplastics Preformed Thermoplastics Durable Tapes
AS PCC AS PCC AS PCC AS PCC
Initial Value + AADT/Lane
Constant -13 -17.6 -17.1
Coefficient (Initial Value) -0.0175 -0.00862 -0.0701
Coefficient (AADT/Lane) 0.0024 0.00781 0.00689
AADT/Lane + Total Ppt
Constant -21.8 -18.9
Coefficient (AADT/Lane) 0.000361 0.00007
Coefficient (Total Ppt) 0.21 0.266
Summer High + Winter Low
Constant - 37.4 -
Coefficient (Summer High) -0.13 -0.571 -0.3
Coefficient (Winter Low) 0.13 0.194 0.3
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CHAPTER 8
CONCLUSIONS AND RECOMMENDATIONS
This chapter deals with the suggestions and recommendations to the manufacturers of 
pavement marking materials and the local authorities. Results from this research show 
that the initial retroreflectivity of the pavement marking material is a good variable to 
indicate the future performance in terms of retroreflectivity of the material. The analysis 
shows that higher the initial retroreflectivity of the product, faster is the rate of 
deterioration of the product. The results also show that with initial retroreflectivity as a 
variable, the white products have a better performance than the yellow products. For a 
given initial retroreflectivity, the waterborne paints show faster deterioration on the 
asphalt surface than on the cement concrete surface. One of the studies conducted by 
Michigan State University found that markings with different initial retroreflectivity have 
different percent retained retroreflectivity. This is true for waterborne and spray 
thermoplastic markings. The general trend for both products showed that at the low end 
of the reflectivity scale markings retain 66% of their initial value, while high 
retroreflectivity markings retain only 50%. (Long, David et al. 2006)
Results obtained on performing analysis with AADT/Lane as a variable show that the 
tire region is affected more than the corresponding skip region, which is an expected 
result. With the increase in AADT/Lane, the white thermoplastic products have a higher
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rate of deterioration on the asphalt surface than on the cement concrete surface. With 
AADT/Lane as a variable, the skip region of the white products shows faster rate of 
deterioration than the skip region of the yellow products. No statistical significant 
relationship is obtained for white preformed thermoplastic products and durable tapes on 
the tire region.
The precipitation data taken into account for this research does not differentiate 
between rainfall and snowfall. The results show that the total precipitation has more 
effect in terms of rate of deterioration of the retroreflectivity. The results also show that 
as the precipitation increases the rate of deterioration of the product increases. The results 
obtained with total precipitation as a variable shows that the skip region for the white and 
the yellow products is more affected than the corresponding tire region. With total 
precipitation as a variable, the white thermoplastic products and waterborne paints 
installed on the asphalt surface show faster rate of deterioration than those installed on 
the cement concrete surface.
The summer high temperatures as variables shows that as the temperature in the 
summer increases the rate of deterioration of the product increases. The white 
thermoplastic products show a faster rate of deterioration with the summer high 
temperatures as a variable on the cement concrete surface than on the asphalt surface. 
The results obtained with winter low temperatures, show no statistical significance.
It would be recommended that analysis be performed of a two year data so as to have 
a better idea of the performance of the pavement marking materials. Together with 
retroreflectivity, parameters like chromaticity and durability should also be analyzed.
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Also, if any unusual effects on the pavement markings are observed it should be recorded 
so as to have a better idea on the performance of the product.
As a matter of discussion on the performance of the pavement marking material in 
terms of roadway safety, it is imperative to have standards which govern the minimum 
retroreflectivity requirements depending on the region it is located. For regions located 
where there’s heavy snowfall during winter, snow removing often wears of the overlaid 
pavement marking on the road surface. Paint products may wear off faster in regions 
having intense high temperatures during the summer. For such cases time to time check 
of the durability of the marking needs to be performed by the agencies concerned. A 
major concern towards the reliability of the pavement marking is the highway safety. It is 
an important factor of a pavement marking management system. Efficient, monitoring of 
pavement marking performance provides researchers the opportunity to investigate the 
relationship between paint retroreflectivity and crash history. (Hawkins, Neal 2006). It is 
important that the pavement marking be visible at nighttime to the motorists under all 
weather conditions. (Bums, David 2006). It is the visual information obtained from road 
markings that provides the short range and long range guidance the driver. Safety is also 
related to economics. Time to time installation of the pavement marking for the reason of 
providing safety to the motorists may prove uneconomical. Cost-benefit analysis needs to 
be performed which gives an idea of the amount of money required, from time to time for 
replacement and maintenance of the pavement markings.
Some of the major recommendations for future research are discussed in this 
paragraph. It would be better if a two year data is analyzed instead of 10 month used in 
this research. More regions, located at various different geographical locations would
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yield a better result, in terms of the performance of the pavement marking materials. 
Parameters such as durability and chromaticity should be analyzed simultaneously as 
these performance parameters could be related with each other. Use of other variables 
which could be a governing factor in the performance of the pavement marking materials 
should be taken in to analysis. The manufacturers should manufacture materials having 
optimum retroreflectivity.
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